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1 Introduction 
1.1 Impairments among affective disorders 
Depression is among the four leading causes of disability and disease burden throughout 
the world and is associated with serious medical conditions and mortality across lifespan 
(Nemeroff, Owens, 2002, Wong& Licinio, 2001). Therefore it is of an immense impact 
for the future to examine issues that contribute to a better explanation of etiology, main-
tenance of depressive symptomatic. Since Kraepelin’s first demarcation between manic-
depressive illness and dementia praecox, affective disorder has been considered to be 
even more a remitting but recurring disease. Recurrences after recovery from major de-
pression and their predictors therefore represent important problems for clinicians and 
patients alike. The National Institute of Mental Health Collaborative Depression Study 
(NIMH CDS) is a prospective naturalist study of a large cohort of people with affective 
disorders at five leading university medical centres in the USA. Recovery was considered 
to begin within the first 8 weeks of no or minimal symptoms, and recurrence was defined 
as the first appearance of full criteria major depression. With follow-up data up to 15 
years, the median length of the well interval for unipolar depression was estimated to be 
31 months and the Kaplan-Meier estimate of the cumulative proportion of recurrence was 
about 63% at 5 years, 80 % at 10 years and 85% at 15 years (Mueller et al. 1999). There 
were only a number of baseline variables that have been repeatedly shown to predict a 
recurrence; the number of prior episodes (Solomon et al. 2000), the length of the index 
episode (Lavori et al. 1994) and persistence of subsyndromal symptoms (Judd et al. 1998) 
are among these few. A quintessential part of the symptomatic of unipolar and bipolar 
affective disorders constitute wide range of cognitive and affective deficits, psychomo-
toric retardation or agitation, impairments in attention and executive functions as well as 
sensory perception (for a review, see Tavares et al., 2003). First neuroimaging studies 
indicated that these impairments correlate with structural abnormalities (Strakowski et al. 
2000; Drevets 2000) and functional abnormalities (for example Blumberg et al., 2003; 
Schneider et al. 2005; Bestmann et al. 2006). 
1.1.1 Cognitive and affective deficits 
The inclusion of cognitive symptoms in the DSM-IV criteria for affective disorders, ma-
jor depressive and manic episodes, emphasizes the importance of cognition in these psy-
chiatric disorders (American Psychiatric Association, 1994). For example, criteria for 
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diagnosis of these conditions include a diminished ability to concentrate and to make de-
cisions. In addition, numerous studies have demonstrated wide-ranging cognitive deficits 
in depression (for example Elliott et al. 1996; Purcell et al., 1997; Murphy et al. 2003). 
These include deficits in early information processing (Tsourtos et al. 2002), recollection 
memory (MacQueen et al. 2002) and planning (Elliott et al. 1996, 1998) as well as affec-
tive bias (Murphy et al. 1999; Beauregard et al. 1998; Mayberg et al. 1999) and abnormal 
responses to negative feedback (Elliott et al. 1996; Murphy et al. 2003).  
1.1.2 Psychomotor retardation  
DSM-IV criteria for depression also include psychomotor agitation or retardation sug-
gesting that motor function is an important feature of depression. Studies commonly re-
port psychomotor slowing, for example on the pattern recognition task in major depres-
sive disorder (Elliott et al. 1996; Murphy et al. 1999). Some studies have found slowing 
latency even in remitted state (for example Rubensztein et al. 2000). Impairments in la-
tency to respond have also been found in unmedicated remitted subjects with seasonal 
affective disorder (O’Brien et al. 1993). In a meta-analysis, which included studies since 
1975, Veiel was reasoning that retardation of response latency is caused by a global dys-
function of cerebral function, particularly of frontal cortex. 
1.1.3 Impairments in attention and executive function 
Recent studies showed several attentional deficits in depressed subjects involving de-
creased vigilance (Liu et al. 2002), perseverations in attentional tests and spatial memory 
(Freedman 1994). Another fundamental neuropsychological impairment in depression is 
a mood-congruent processing bias such that ambiguous or positive events tend to be per-
ceived as negative (Segal et al. 1996; Watkins et al 1996). 
Executive function includes the more obvious processes of planning and problem solving 
as well as, for example, the ability to attend to relevant stimuli while trying to filter out 
irrelevant distractions (see Robins, 1996). Executive tasks require flexibility to adjust 
plans or strategies, to suspend performance so as to prioritize another task in the light of 
new information and to monitor performance in relation to goals. Any deficits in execu-
tive function in depression could have a major impact on performance on normal daily 
routines so their identification could be crucial for a better understanding of the nature of 
depression and the development of therapies. 
The Tower of London Task (ToL) (Owen et al. 1990) is a planning task during which 
subjects rearrange coloured balls in vertical columns so as to match a desired final out-
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come that is shown to them. Subjects are told to try to plan their moves and perform the 
task in the minimum number of moves possible. Elliott et al. (1996) found that medicated 
subjects with major depression solved fewer problems in the minimum number of moves 
possible as well as failing to successfully complete more trials (more maximum number 
of moves). Depressive patients also exhibited slower planning times. 
Another component of executive function is decision making. Rogers et al. (1999) have 
developed a computerized decision-making task and found deficits in both major depres-
sion and bipolar disorder, with bipolar subjects exhibiting deficits on more aspects of the 
task. During the task subjects are required to decide which of two outcomes is most likely 
and to then bet a proportion of their current points total on this decision. Both unipolar 
and bipolar medicated subjects had slower deliberation times and made more conserva-
tive bets at most favourable odds ratios than healthy controls (Murphy et al. 2001). 
1.1.4 Sensory perception 
Studies investigated general sensory perception as a possible indicator of overall impair-
ments in brain function of severely depressed patients. The results of these studies indi-
cated disturbances for olfactory (Pause et al. 2001) or visual perception (Bange and 
Bathien 1998). 
Recently, it has been demonstrated that another sensory system, i.e. the auditory system is 
affected by severe depression. An abnormal fMRI-pattern of habituation to repeated 
acoustic stimulation was observed after repeated tonal stimulation of the auditory cortex 
in a small sample of depressive patients (Michael et al. 2004). The fMRI-pattern of pa-
tients differed from the pattern of controls in significantly lower activation after the first 
stimulation block and a missing characteristic signal decay. Likewise, Tollkötter and co-
workers (Tollkötter et al. 2006) reported an impaired magnetencephalographic (MEG) 
habituation pattern after repetitive fast acoustic speech (vowels) and non-speech stimula-
tion (tones) in a subgroup of stronger depressed patients. Altered auditory processing 
improved after successful antidepressant therapy (Tollkötter et al. 2006). Also, Hegerl 
and co-workers presented data indicating that auditory event-related potentials (ERP´s) 
are altered in a subgroup of depressed patients (Hegerl et al. 2001).  
1.1.5 Functional cerebral deviation in depressives 
First neuroimaging studies indicated that these impairments correlate with functional ab-
normalities in the frontal and medio-temporal cortex as well as cingulum (for review 
Schneider et al. 2005; Bestmann et al. 2006). Studies using emotion inducing paradigms 
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like emotional films or facial affect showed cerebral activation deviations in the medial 
and inferior prefrontal cortex, the temporal cortex, cerebellum and nucleus caudatus 
(Beauregard et al. 1998). Presentation of sad compared to neutral film episodes was cor-
related with an increased cerebral activation in the left medial prefrontal cortex and the 
right cingulum in depressed subjects. Perception of happy compared to neutral stimuli 
correlated with a decreased cerebral activation in the medial prefrontal cortex and an in-
creased activation of the anterior cingulated, thalamus, putamen and insula in depressives 
(Mitterschiffthaler et al 2003). Surguladze et al. (2005) could show an increased cerebral 
activation in amygdala, gyrus fusiform, and basal ganglia in depressed subjects by pres-
entation of sad facial affect compared to neutral and happy facial affect. The cerebral 
activation pattern of depressives was deviant from this of controls, therefore these 
showed an increased cerebral activation by happy facial affect. Thus, it seems that devia-
tions in affective and cognitive processes in depressed subjects correlated with abnor-
malities in cerebral activation intensity. 
1.2 Cognitive improvement and residual deficits after antidepressant therapy 
Only few neuroimaging studies examined the effect of psychotherapy and antidepressive 
drugs on the cerebral activation response to cognitive and affective processes.  
Roffman et al. (2005) showed that cognitive behavioural therapy led to similar changes in 
the cerebral activation as interpersonal therapy. Cognitive therapy compared to antide-
pressant drug treatment with paroxetine (SSRI selective serotonine reuptake inhibitor) by 
14 depressed patients led to an increased activation in the hippocampus and dorsal ante-
rior cingulated gyrus, but to a decreased activation in the dorsal, ventral and medial fron-
tal cortex (Goldapple et al. 2004).  
In a study without control group an increased cerebral activation could be observed after 
interpersonal therapy (n=13), while antidepressant drug therapy (n=15) with venlafaxine 
(SSRI and SNRI selective noradrenalin reuptake inhibitor) showed an increased cerebral 
activation in the temporal cortex (Martin et al. 2001). A normalisation of deviant cerebral 
activation in the prefrontal and temporal cortex after drug therapy with paroxetine and 
interpersonal therapy could be showed by Brody et al. (2001). Two fMRI studies showed 
specific activation pattern in depressed subjects that predicted improvement during ther-
apy (Siegle 2006; Canli, 2005). Siegle could show that the patients with a reduced cere-
bral response in the subgenual anterior cingulum and increased amygdala activation had 
higher remission rates (in BDI, n = 14). This could be supported by other results (Canli et 
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al. 2005) which showed that increased amygdala activation had high prediction for recov-
ery. 
Few studies have investigated the effect of therapy on sensory perception, specific cogni-
tive, affective processes and complex decision making.  
Sheline et al. (2001) showed that successful antidepressant drug therapy (Sertralin, SSRI) 
led to a partial normalization of increased amygdala activation by perception of fearful 
faces. Davidson et al. (2003) showed that depressed patients before 2-weeks drug therapy 
with venlafaxine (SSRI and SNRI) had significantly less relative activation in the left 
insular cortex and the left anterior cingulated in response to negative versus neutral pic-
tural stimuli. After 2 weeks treatment, this difference was completely eliminated. Thus, it 
seems that cognitive, affective processes related to perception of affective pictures, par-
ticular faces, correlated with deviant cerebral activation response in depressed subjects 
before antidepressant therapy. 
Some residual deficits like the negative judgement bias are evident in a proportion of 
subjects with partially remitted major depressive episodes (for example, Koschack et al. 
2003). Also residual deficits identified during remission for mood disorders (Tham et al. 
1997; van Gorp et al. 1998; Rubinsztein et al. 2000; MacQueen et al. 2001; Clark et al. 
2002) indicate that some deficits may persist across mood episodes and occur independ-
ently of mood state. Consistent with this evidence that such mood state independent defi-
cits and long-term functional impairment in majority of patients exist, several studies 
have suggested that during remission may not achieve functional recovery (see review by 
Zarate et al. 2000, Kennedy et al., 2007).  
 
Electroconvulsive therapy 
Electroconvulsive therapy (ECT) is a highly effective biological therapeutic intervention 
for drug resistant patients (Rabheru and Persad 1997; Tew et al. 1999) and for medically 
compromised subjects who are sensitive to the toxic effects of medication (Sackheim et 
al. 2001). Convincing evidence exists of efficacy of electroconvulsive therapy (ECT) 
(Greenhalgh et al. 2005) and its safety (Ende et al. 2000). Although ECT is one of the 
oldest and still a widely used antidepressant treatment in psychiatry, only little is known 
about functional cerebral alterations during the course of an ECT treatment (Palmio et al. 
2005) and about improvement of cognitive deficits after successful ECT. While stable 
positive effects of antidepressants on cognitive functioning (for a review see Amado-
Boccara et al., 1995, 1994, Oxman, T. E., 1996) and cortico-limbic mechanism of affect 
regulation (Dietrich et al., 2007) in depressed individuals were reported, only few studies 
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could show positive effects of ECT on these functions (Stoudemire et al., 1993, 1991, 
Malloy et al. 1982).  
Previous studies focussed on comparisons of brain activities between pre- and post-ECT 
treatment, but few functional brain imaging studies have been performed during ECT 
treatment. 
While positive effects of antidepressants (for example serotonine or seroto-
nine/noradrenaline reuptake inhibitors) to facial affect have been reported (Vythilingam 
et al. 2004; Zobel et al. 2004), the effect of successful ECT on complex cognitive func-
tions, auditory and visual perception and abnormal neuronal response to facial affect is 
unknown.  
1.3 Purpose of the studies 
Consequently, our aim was to investigate positive changes of auditory and visual percep-
tion, memory functions, cognitive and affective processes in drug treatment resistant ma-
jor depression during the course of electroconvulsive treatment (ECT).  
 
The aim of the first study was to determine the influence of ECT treatment on several 
aspects of memory (verbal, visual immediate and delayed memory). We did so by em-
ploying the Wechsler Memory Scale-Revised (WMS-R) (Wechsler, 1987), a memory test 
battery that exists in a validated German-language version. 
 
The aim of the second study was to investigate auditory functioning during the course of 
ECT treatment. We did so by employing neutral sine tones and analysing the cortical 
auditory processing by fMRI before, during (after a mean of 8 ECT) and at the end of the 
ECT course. The hypothesis was that cortical function might be altered in the framework 
of a cortico-limbic system affected by major depression and that effective ECT should be 
able to reverse functional alterations. An altered cerebral activity during the ECT course 
was expected, either in comparison to the activation prior to as well as the activation post 
ECT treatment. 
 
The aims of the third and fourth study were: (1) to assess healthy cerebral activation re-
sponses to a new complex affective cross-modal priming paradigm as well as typical re-
sponse latencies and error rates, (2) to measure deviation of cerebral activation response, 
response latencies and error rates in patients before ECT (3) and after ECT. 
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Alterations of auditory system are known (abnormal habituation pattern in depressives, 
Michael et al. 2004) as well as abnormal cerebral response to visual stimulation with fa-
cial affect (Sheline, 2001, Fu, 2004). Therefore, in our priming paradigm affective stimuli 
were presented in two modalities: auditory and visual. Subjects heard emotional words as 
primes followed by emotional facial stimuli. The acoustic and visual stimuli had three 
valences (sad, happy and neutral). We were interested in the interaction between modali-
ties, which makes perception more difficult. The instruction was to evaluate the facial 
affect as quickly and accurately as possible. Responses and latencies were recorded by 
pressing one of three buttons (+, -, 0) in the scanner.   
The assessment response latencies allowed an appreciation of the often revealed psycho-
motor retardation in severely depressed subjects (Murphy 1999, Rubinsztein, 2000). The 
assessment of response correctness should show whether negative judgement bias exists, 
i. e. whether patients tended to judge happy and neutral faces as sad. 
Disturbance of executive function including the inability to filter out irrelevant distrac-
tions (see Robins, 1996) was found. This priming paradigm was adequate to assess possi-
ble disturbances in decision making processes appropriate to decisions on normal daily 
routines (consecutive, sometimes conflicting situation circumstances). This affective 
priming task required flexibility to adjust information processing, to suspend information 
so as to prioritize further cues in the light of new information and to monitor performance 
in relation to goal. 
We expected slower mean reaction times as well as significant higher error rates by pa-
tients compared to controls that might remain after ECT treatment. We also expected that 
cortical function might be altered in the framework of a cortico-limbic system affected by 
major depression and that effective ECT should be able to reverse partially functional 
alterations.   
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2 First study: Memory performance in severely depressed patients 
treated by electroconvulsive therapy 
Published in J ECT. 2006 Sep;22(3):189-95. Authors: Hihn H, Baune BT, Michael N, Markowitsch H, 
Arolt V, Pfleiderer B. -copy right owner Lippincott Williams & Wilkins- 
2.1 Introduction  
Memory impairments belong to the most frequent cognitive dysfunctions following neu-
rological and psychiatric diseases. A wide range of cognitive deficits in depressives such 
as impaired active retrieval from memory (Brand et al. 1992), executive functions and 
working memory failure (Harvey et al. 2004) as well as attention and learning (Gotlib et 
al. 1996), information processing speed (Nebes et al. 2000) and delayed memory (Vythi-
lingam et al. 2004) have been reported. However, not all memory functions are equally 
affected. Usually, of the various memory systems from procedural to episodic memory 
(Tulving 2002), the episodic and, to a lesser degree, semantic memory is impaired (Tulv-
ing and Markowitsch 1998). Both of these memory systems have previously been com-
bined under the heading ‘declarative memory’. And – within these systems – active recall 
as opposed to recognition and delayed recall as opposed to immediate recall are most 
sensitive to alterations of brain function. These relationships hold in particular for pa-
tients with depressive disorders.  
Biological therapeutic interventions such as antidepressant medication and electroconvul-
sive therapy (ECT) are highly effective even in treatment resistant depression and have 
impact on memory function. While positive effects of antidepressants (serotonin reuptake 
inhibitors) on memory performance in depressed individuals were reported (Vythilingam 
et al. 2004; Zobel et al. 2004), negative effects of ECT on memory functions were ob-
served, such as retrograde amnesia during the immediate post-ECT period (McCall et al. 
2002), which is most pronounced for impersonal compared to personal memory (Lisanby 
et al. 2000). Studies on changes of memory function during the course of ECT show that 
immediate and delayed memory scores can become worse compared to pretreatment 
scores, but at the end of ECT series immediate memory improved whereas delayed mem-
ory remained impaired (Steif et al. 1986).  
Consequently, we investigated positive and negative changes of immediate and delayed 
verbal and visual declarative memory functions as well as functions of concentration and 
attention in drug treatment resistant major depression during the course of electroconvul-
sive treatment (ECT). We did so by employing the Wechsler Memory Scale-Revised 
(WMS-R) (Wechsler, 1987), a memory test battery which is both economic in application 
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and sensitive to the above mentioned memory functions. Furthermore – contrary to the 
more recent WMS-III – the WMS-R exists in a validated German-language version (13). 
 
2.2 Methods 
Design and Procedure 
 
Patients hospitalized to the Mood Disorders Unit, Department of Psychiatry, University 
Münster, gave written informed consent to participate in this study. The study was ap-
proved by the Ethics Committee of the University of Münster, Germany. Major depres-
sive episode was diagnosed according to the Structured Clinical Interview for DSM-IV 
Axis I Disorders (SCID) (Wittchen et al. 1997).  
 
Patients  
 
Inclusion criteria were diagnosis of major depressive episode (unipolar or bipolar II), and 
a score of at least 15 on the 21-item Hamilton Rating Scale for Depression (HRSD) 
(Hamilton 1960) and of 20 on the Montgomery Asberg Depression Scale (MADRS) 
(Montgomery and Asberg 1979). Response was defined as decrease in Hamilton depres-
sion scores of >60%, patients with a decrease of 30- 60% were addressed as low respond-
ers.  
Exclusion criteria were a history of schizophrenia, schizoaffective disorder, and anxiety 
disorder, a history of substance abuse, personality disorder, dementia, and neurological 
illness. Antidepressants, anticonvulsants, and lithium were discontinued before first ECT 
(see Table 1). Benzodiazepine doses were tapered before first ECT to a maximum of 4 
mg per day of lorazepam (but not within 12 h prior to ECT). Participants received natura-
listic treatment with antidepressant medications not before the 6th ECT. The treatment 
with antidepressant medication was monitored during the three weeks after ECT by the 
ECT team (for details see Table 2), who gave a recommendation for post-ECT antide-
pressant prophylaxis. Clinical characteristics of all patients are summarized in Tables 1 
and 2. 
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Table 1: Demographic and clinical features of the study population.  
 all patients (n=20) 
mean ± SD 
Bipolar (n=9) 
mean ± SD 
Unipolar (n=11) 
mean ± SD 
p-value* 
age (years) 53.7 ± 11.7 53.4 ± 11.9 53.8 ± 12.0 n.s.  
Gender 
 female, n (%) 
 male, n (%) 
 
8 
12 
 
5 (62.5) 
4 (33.3) 
 
3 (37.5) 
8 (66.7) 
n.s. 
duration of illness 
(years) 
13.9 ± 9.5 18.1 ± 11.6 10.6 ± 5.9 n.s. 
age at first episode 39.9 ± 12.8 35.6 ± 13.8 43.4 ± 11.2 n.s. 
number of depressive 
episodes 
4.1 ± 4.2 6.7 ± 6.8 2.7 ± 1.2 n.s. 
duration of present 
episode (months) 
8.9 ± 10.0 9.7 ± 14.3 8.2 ± 3.5 n.s. 
number of suicide 
attempts 
1.6 ± 0.5 1.8 ± 0.4 1.5 ± 0.5 n.s. 
HAMD prior to ECT  24.1 ± 7.5 23.0 ± 9.6 24.9 ± 5.6 n.s. 
HAMD after ECT 10.1 ± 7.9 6.2 ± 4.2 13.3 ± 8.9 0.042 
Response according to 
>60% HAMD; n (%) 
14 8 (88.9) 6 (54.5) n.s. 
MADRS prior to ECT 32.7 ± 6.8 32.4 ± 6.9 32.9 ± 7.0 n.s. 
MADRS after ECT 12.3 ± 9.9 6.9 ± 7.0 16.6 ± 10.2 0.025 
number of ECTs  11.8 ± 4.9 11.1 ± 5.4 12.3 ± 4.7 n.s. 
duration of seizures 
(sec) during ECT se-
ries 
516.9 ± 260.7 491.9 ± 310.9 537.4 ± 225.5 n.s. 
duration at last con-
vulsion  
(sec) 
39.8 ± 12.3 38.2 ± 16.4 41.1 ± 8.3 n.s. 
stimulation at all 
ECTs (mC) 
3971.6 ± 3193.8 3617.0 ± 2294.2 4261.8 ± 3868.3 n.s. 
stimulation at last 
ECT (mC) 
423.2 ± 236.3 368.7 ± 180.6 476.8 ± 274.0 n.s. 
* p-value of student-t-test for mean comparison and Chi2-test for comparison of proportions be-
tween patients with unipolar and bipolar depression; n.s. = non-significant. HAMD = Hamilton-
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21 item score for depression; MADRS = Montgomery Asberg Depression scale; ECT = electro-
convulsive therapy; sec = seconds 
 
Table 2: Details of medication among study sample by diagnoses 
 all patients (n=20) bipolar (n=9)* unipolar (n=11)* 
Wash-out period (days) prior 
to ECT (mean, SD) 
19.3 (± 35) 4.4 (± 4.2) 31.4 (± 44.3) 
Medication during treatment     
 Antidepressant, n (%) 10 4 (44.4) 6 (54.5) 
 Mood stabilizer, n (%) 5 3 (33.3) 2 (18.2) 
 Lithium, n (%)  5 1 (11.1) 4 (36.4) 
 Neuroleptics, n (%)  8 3 (33.3) 5 (45.5) 
 Change of drug, n (%)  4 (20) 2 (22.2) 2 (18.2) 
* Chi2-test and Student-t-test for group comparison revealed no statistically significant difference 
between bipolar and unipolar depression  
 
Our sample was very homogenous: treatment resistant acute severely depressed elderly 
patients with a comparable medium education level and a comparable wash-out period of 
psychotropic medications prior to first ECT (Chi2-test, Table 2). Also, subgroups of pa-
tients (bipolar vs. unipolar) did not differ significantly in clinical parameters (Table 1 and 
2) with the exception of residual depressive symptomatology after ECT. Unipolar pa-
tients presented less improvement after ECT (Table 1). In particular, medication did not 
differ between groups of patients (Chi2-test and Student-t-test for group comparison, Ta-
ble 2). None of these patients had previous history of ECT.  
 
Memory assessment 
The Wechsler Memory Scale (WMS-R) (Wechsler 1987) is the most commonly used 
battery for memory assessment among adults in both clinical and neuropsychology set-
tings (Tulsky and Ledbetter 2000). WMS-R offers the possibility to distinguish and as-
sess separate memory components like immediate and delayed recall of verbal and visual 
information (long term memory) and concentration/attention.  
It is known, that both semantic and episodic (=declarative) memory functions are me-
diated by medial temporal lobe structures such as the hippocampal formation (Marko-
witsch et al. 2003; Vythilingam et al. 2004) and frontal brain areas such as the dorsolater-
al prefrontal cortex (Buckner and Wheeler 2001; Fuster 2001). In particular, delayed 
memory in the WMS-R is significantly correlated with hippocampal neuronal density 
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(Sass et al. 1992), while working memory and initial encoding is more associated with 
frontal brain areas (Buckner and Wheeler 2001; Fuster 2001; Sakai et al. 2002). 
Based hereon, the following WMS-R subtests were chosen: immediate auditory verbal 
memory (logical memory and verbal paired associates), immediate visual memory (figur-
al memory, visual paired associates and visual reproduction), concentration/perceptual 
organization (mental control, digits forwards/backwards and spatial span for-
wards/backwards).  
Logical memory consists of immediate reproduction of a story (Vythilingam et al. 2004) 
and verbal paired associates require immediate recall of strongly and weakly associated 
words. Visual memory performance was assessed by immediate recall of figural shapes 
and immediate recall of pairs of visual material (association between symbol and color 
should be remembered) and immediate reproduction of designs. Concentration or percep-
tual memory was tested by declarative knowledge about alphabet or digits, by repeating 
acoustically presented digits forward and backward and by repeating spatial positions on 
a landscape forward and backward. General memory is the sum of auditory and visual 
memory.  
Delayed auditory verbal memory included the delayed recall (1/2 hour later) of the ver-
bal, auditory presented material in the subtests: logical memory and verbal paired asso-
ciates. Delayed visual memory comprised the delayed recall (1/2 hour later) of the visual 
material in the subtests: paired associates and visual reproduction.  
The WMS-R was administered to depressed patients prior to and after the last ECT to 
characterize memory impairment due to the severity of depression and impact of ECT 
memory performance. Immediate and delayed verbal and visual memory as well as con-
centration was assessed 1 to 3 days before the first ECT and 3 to 5 days after last ECT by 
a blind trained rater. The interval of at least three days between the last ECT and the last 
memory measure was chosen to exclude disorientation as possible adverse effect of ECT. 
All tests were given in clinical settings in the manner prescribed by the tests publishers. 
Only psychologists administered the tests. 
Mean time elapsed between tests was 43.3 ± 24.1 days. All patients, but one finished the 
test battery. This patient had to be excluded from further analysis, because she interrupted 
the memory test – finally resulting in a sample size of 20 patients in this study. 
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ECT parameters 
 
During ECT, anesthesia was provided with methohexital (1 mg/kg intravenously) and 
muscle relaxation was achieved with succinylcholine (1 mg/kg intravenously). Patients 
received positive pressure ventilation at 20 breaths per minute from anesthetic adminis-
tration until resumption of spontaneous respiration. The unilateral electrode placement 
followed the d’Elia position. Seizure duration was monitored clinically in a cuffed upper 
limb and by the electroencephalogram (EEG) included in the ECT device. Stimulus in-
tensity was further increased by one level if seizure duration fell below 25s on the EEG 
recording during the ECT series. A treatment schedule of 2-3 ECTs weekly was chosen. 
The total number of treatments (5 to 20) was determined by the ECT team, which was 
blind for the purpose of the memory study. ECT was applied using a customized brief-
pulse device (Thymatron IV, Lake Bluff, IL, USA) starting with stimulus titration in the 
first session and continuing with the 2.5-fold stimulus dose (unilateral treatment) or 2-
fold stimulus dose (bilateral treatment). All patients were stimulated unilaterally first, 8 
required further treatments elicited by bitemporal stimulationsdue to insufficient re-
sponse. A mean of 11.8 ± 4.9 ECT treatments was needed for all patients. 12 patients 
responded to ECT treatment (HAMD = 5.2 ± 3.4), 7 showed a partial response (HAMD = 
16.7 ± 6.7) and only one showed no response. 
 
Statistical analysis 
 
Dependent measures consisted of the WMS-R to evaluate the memory functioning before 
and after ECT treatment. ECT, clinical and demographic parameters were compared be-
tween patients with uni- or bipolar depression using Student-t-test for mean comparison 
and Chi2-test for comparison of proportions between groups (Tables 1, 2).  
To analyze the change of memory performance during ECT series, a t-test for paired 
comparisons was performed for the WMS-R subtests (immediate verbal, immediate visu-
al, general memory, concentration, delayed verbal and delayed visual memory) prior to 
and after ECT. Bonferroni adjustments were applied for multiple testing (Table 3).  
ECT, clinical and demographic parameters were categorized into two groups by using a 
median split (age was categorized into three groups) in order investigate their relations to 
the change of memory performance in the WMS-R subtests during ECT series. The 
amount of change of memory performance during ECT series was calculated by WMS-R 
subtest performance after last ECT minus WMS-R subtest performance before ECT. 
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Mean comparison of change of memory performance between groups of categorized 
ECT, clinical and demographic parameters was carried out by the use of a Student-t-test 
(Table 4). 
Separate linear multivariable regression models were applied to analyze whether ECT 
parameters had the ability to predict the change of performance before and after ECT 
treatment for each single WMS-R subtest (immediate verbal, immediate visual, general 
immediate memory, concentration, and delayed verbal). The WMS-R subtest variables 
acted as single dependent variables in the model. The following ECT parameters were 
single independent variables: number of ECTs, duration of seizures (sec), duration of last 
convulsion (sec), stimulation at all ECTs (mCoulomb; mC) and stimulation at last ECT 
(mC). Each linear multivariable regression model (one dependent WMS-R subtest varia-
ble and one independent ECT parameter) was adjusted for age, gender, diagnosis, clinical 
response and antidepressant medication during ECT treatment (Tables 5, 6). The resi-
duals of the linear regression models were normally distributed. The value of the adjusted 
R2 expresses the contribution of the ECT parameter to the explained variance of the re-
spective linear regression model. The correlations between the five ECT-parameters were 
estimated by Pearson’s correlation coefficients (Tables 5, 6). 
All statistical analyses were performed with the Statistical Package for Social Science 
(SPSS) V 12.0 (SPSS Inc, Chicago, IL). 
 
2.3 Results 
Memory performance 
As expected, depressed patients exhibited a lower performance in all memory subtests 
compared to published scores of healthy controls with about 1-2 SD below mean (mean 
value = 100 ± 15 (Vythilingam et al. 2004)), indicating impairments in immediate memo-
ry, attention/concentration and retrieval of information (delayed memory). All subtests 
presented the same range of impairment. Remarkably, a significant improvement in test 
performances was observed after ECT therapy for the immediate verbal, visual and gen-
eral memory. The positive treatment effects on immediate visual and general memory 
were still significant after Bonferroni adjustment (Table 3) for multiple testing. No im-
pact of ECT treatment was seen for attention/concentration and delayed visual and/or 
verbal memory (see Table 3). 
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Table 3: Memory performance of the subtests of the WMS-R prior to and after ECT of all pa-
tients (n = 20). 
 before ECT 
mean ± SD 
after ECT 
mean ± SD 
p-value of 
paired t-test
verbal memory 89.35 ± 19.13 99.65 ± 23.85 p<0.012 
visual memory 86.20 ± 18.40 96.00 ±16.41 p<0.005* 
general memory 86.60 ± 17.51 99.15 ± 21.57 p<0.003* 
concentration 89.20 ± 18.01 91.90 ± 18.52 n.s. 
delayed memory 88.50 ± 17.44 91.45 ± 26.84 n.s. 
statistically significant after Bonferroni adjustment for multiple testing (p<0.01); n.s. = not 
 
Influence of ECT and other clinical parameters 
Further, the influence of various ECT and clinical parameters on changes in memory test 
scores prior to and after ECT was assessed (Table 4). Only data for immediate verbal and 
visual memory, which revealed significant results, are presented.  
Duration of seizure and mean stimulation dose at last ECT (mC) had the greatest impact 
on immediate verbal memory performance. Longer duration of the induced seizure (≥ 42 
sec; p = 0.016) and lower mean stimulation at last ECT (< 356 mC; p = 0.036) resulted in 
a better test performance. Moreover, higher sum of stimulation levels of all ECTs during 
treatment course (> 3980 mC) led to a significant improvement in immediate visual 
memory (p = 0.015; Table 4) and in a trend in concentration (p = 0.052) as well (data not 
shown).  
 
 
 
 
 
 
Table 4: Mean of ECT and clinical parameters and demographic factors by change of memory 
performance during ECT series 
Change of cognitive test 
scores before vs. after ECT 
verbal memory visual memory 
 Mean SD P* Mean SD P* 
ECT parameters (median split)       
 Number of ECT       
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  ≥ 12 (n=11) 10.00 18.70 
0.932 
11.36 12.83 
0.610 
  < 12 (n=9) 10.67 14.67 8.11 15.25 
 Duration of seizures (sec)       
  ≥ 439 (n=10) 11.30 19.19 
0.796 
11.10 13.49 
0.706 
  < 439 (n=10) 9.30 14.50 8.70 14.50 
 Duration of last convulsion 
 (sec) 
      
  ≥ 42 (n=10) 19.80 16.11 
0.016 
9.70 13.37 
0.947 
  < 42 (n=10) 2.60 13.0 10.10 14.50 
 Sum of stimulation levels at 
      all ECTs (mC) 
      
  ≥ 3980 (n=10) 10.60 20.90 
0.956 
17.40 9.10 
0.015 
  < 3980 (n=10) 10.10 13.90 2.50 14.60 
 Stimulation at last ECT 
 (mC) 
      
  ≥ 356 (n=10) 2.70 13.0 
0.036 
13.30 14.70 
0.278 
  < 356 (n=10) 17.90 16.80 6.50 12.40 
 Diagnosis       
  Bipolar (n=9) 16.11 21.62 
0.162 
11.22 9.73 
0.707 
  Unipolar (n=11) 5.55 9.67 8.82 16.65 
 Gender       
  Female (n=8) 10.38 20.80 
0.987 
11.88 15.45 
0.612 
  Male (n=12) 10.25 14.13 8.58 12.92 
 Antidepressant       
  Yes (n=10) 11.70 12.72 
0.717 
0.970 10.17 
0.950 
  No (n=10) 8.90 20.36 10.10 17.09 
 Clinical response (HAMD)       
  Yes (n=14) 9.07 16.96 
0.626 
6.64 12.28 
0.105 
  No (n=6) 13.17 16.82 17.50 14.86 
 Age (groups)       
  <45 (n=8) 8.14 19.44 
0.250 
18.14 16.08 
0.140   45-58 (n=7) 3.33 11.06 5.00 11.14 
  >58 (n=7) 18.42 16.13 5.86 10.48 
• p-value of Student-t-test for mean comparison and Chi2-test for comparison of pro-
portions between groups 
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Multivariable regression models, which were adjusted for gender, age, diagnosis, clinical 
response and antidepressant medication during ECT, revealed that stimulation in mC at 
last ECT was the best predictor of decreased verbal and general memory whereas stimu-
lation at all ECTs (mC) was the best predictor of improved visual memory and concentra-
tion (Tables 5 and 6).  
However, when performing a Bonferroni adjustment for multiple testing, the effects for 
visual memory and general memory were no longer significant at a level of p < 0.05. It is 
remarkable that a large portion of the variance (R2) of the data can be explained by the 
mean stimulation dose of last ECT and the sum of all ECT stimulation levels during 
treatment. 
 
 
Table 5: Influence* of ECT and clinical parameters and demographic factors on change of mem-
ory performance during ECT treatment 
Change of cognitive test scores before vs. 
after ECT 
verbal memory visual memory 
 R² ß SE P R² ß SE P 
ECT parameters**         
 Number of ECTs 0.027 -0.596 0.896 0.518 0.063 -0.217 0.726 0.770 
 Duration of seizures (sec)  0.008 -0.007 0.017 0.673 0.100 -0.010 0.013 0.443 
 Duration of last convulsion (sec) 0.177 0.577 0.340 0.113 0.057 0.024 0.300 0.938 
 Stimulation at all ECTs (mC) 0.051 -0.001 0.001 0.392 0.362 0.002 0.001 0.027# 
 Stimulation at last ECT (mC) 0.431 -0.042 0.013 0.008*** 0.087 0.009 0.014 0.522 
 
* Multivariable regression models adjusted for diagnoses, clinical response, antidepressant medi-
cation during ECT treatment, gender, age 
ß=beta; SE=standard error; R2=adjusted R2 
** Pearson’s correlation coefficient (r) of ECT-parameters: number of ECTs is correlated with 
duration of seizures: r=0.897; p<0.000; stimulation at last ECT is correlated with stimulation at 
all ECTs: r=0.693; p<0.001 
*** Bonferroni adjustment for multiple testing reduces significance level for the ECT parameters 
to p<0.01. 
# after Bonferroni adjustment for multiple testing no longer significant 
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Table 6: Influence* of ECT and clinical parameters and demographic factors on change of mem-
ory performance during ECT treatment 
Change of cognitive test scores be-
fore vs. after ECT 
delayed memory concentration 
 R² ß SE P  R² ß SE P 
ECT parameters**          
 Number of ECTs 0.48 -0.089 0.966 0.280  0.042 0.285 0.548 0.611 
 Duration of seizures (sec) 0.95 -0.025 0.017 0.171  0.027 -0.002 0.010 0.810 
 Duration of last convulsion (sec.) 0.98 0.285 0,409 0.499  0.057 -0.155 0.224 0.501 
 Stimulation of all ECTs (mC) 0.83 -0.003 0.001 0.068  0.477 0.002 0.001 0.005***
 Stimulation of last ECT (mC) 0.38 -0.031 0.018 0.109  0.110 0.012 0.010 0.277 
 
* Multivariable regression models adjusted for diagnoses, clinical response, antidepressant medi-
cation during ECT treatment, gender, age 
ß=beta; SE=standard error; R2=adjusted R2 
** Pearson’s correlation coefficient (r) of ECT-parameters: number of ECTs is statistically signif-
icant correlated with  
duration of seizures: r=0.897; p<0.000; stimulation at last ECT is statistically significant corre-
lated with stimulation at all  
ECTs: r=0.693; p<0.001. 
*** Bonferroni adjustment for multiple testing reduces significance level for the ECT parameters 
to p<0.01. 
 
 
Other ECT parameters, in particular the number of ECTs or clinical parameters such as 
clinical response (HAMD), age, gender, diagnosis and the use of antidepressants during 
ECT course had no statistically significant influence on memory performance before and 
after ECT (Table 4). In this respect, it is worth mentioning that even though bipolars re-
vealed a significantly higher improvement in depressive symptomatology after ECT, 
compared to unipolars (Table 1), they did not differ significantly in post ECT WMS-R 
scores (Table 4). 
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2.4 Discussion 
There are only a few studies, which investigated relationships between ECT parameters 
and immediate and delayed memory functions before and after a full series of ECT; all of 
them merely focused on ECT frequency and type of stimulation (uni- vs. bilateral). For 
instance, Shapira et al (33) postulated that ECT treatment twice weekly is as effective as 
ECT three times weekly in alleviating depression, but induces less memory impairment. 
None of these studies investigated specific alterations of immediate and delayed memory 
associated with ECT in severely depressed patients in relation to treatment parameters 
and severity of depression as done in this study. This is the first report, comparing treat-
ment parameters and severity of depression.  
 
Memory performance 
 
This study revealed in our sample of severely depressed, treatment resistant, elderly and 
homogenous patient group with comparable educational level that prefrontal cortex re-
lated memory processes (immediate encoding) improved after ECT, while long term re-
call remained impaired, indicating that severely depressed patients remain cognitively 
inferior to normal subjects despite clinically successful treatment (see Table 3).  
In particular, longer seizure duration times (≥ 42 sec; p = 0.015) and lower mean stimula-
tion energy at the last ECT (< 356 mC; p = 0.036) were associated with improvements in 
immediate verbal memory, while a higher sum of all ECT stimulation levels during 
treatment course (> 3980 mC) led to a significant improvement in immediate visual 
memory (p = 0.015; Table 4) and in concentration/attention (p = 0.052). Other treatment 
parameters, in particular the number of ECTs and clinical parameters had no significant 
influence on memory performance before and after ECT (Table 4). 
Our results of severe memory deficits in immediate memory, delayed memory and cogni-
tion prior to treatment, are in line with other studies (Gotlib et al. 1996; Harvey et al. 
2004; Nebes et al. 2000). In particular, Vythilingam et al (2004) found in a group of un-
ipolar medication free nonelderly depressed outpatients, using similar WMS-R subtests as 
in our study, only focal verbal memory deficits (delayed; immediate; trend only). In our 
study visual memory and long term memory, as well as concentration were also impaired. 
Differences between studies may be related to our patient population of very severely 
depressed, treatment resistant elderly patients with a long history of depressive disorder. 
In this respect, one may speculate that depending on severity and duration of depression, 
verbal memory seems to be affected at an earlier time point than visual memory. 
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It is often postulated that ECT treatment has a negative impact on memory in general. 
Remarkably, in our study, ECT improved selectively acquisition of information (encod-
ing); but retrieval of long-term memory did not profit from treatment (long-term effect). 
The more effective the ECT treatment was, that means the higher seizure sensibility 
(longer duration of seizures and lower mean stimulation energy at the last ECT), the more 
likely was immediate memory improvement (Tables 4-6). That may indicate that high 
electric reagilibity seems to be one factor being necessary for this positive effect, since 
initial encoding is mainly electrical in nature.  
This finding differs from that obtained by Vythilingam et al. (2004) in less severely de-
pressed younger patients; these authors observed besides an improvement in immediate 
verbal memory also better scores in delayed verbal memory after treatment with SSRIs. 
Our findings correspond, however, to those of another study in depressives that revealed 
that delayed memory (retention of information) remained impaired after the end of an 
ECT series (Steif et al. 1986). 
 
Short and long-term effects 
Consequently, in order to understand the impact of ECT on memory, one has to differen-
tiate between short-term (encoding) and long-term effects. Short-term effects at the end 
of ECT seem to be more associated with improved excitatory neurotransmitter function-
ing (Michael et al. 2003; Michael et al. 2003) and related better neuronal functionality 
and reductions in depressive symptoms. In contrast, long-term impact of antidepressant 
therapy seems to involve more structural, in particular positive neurotrophic effects 
(Manji et al. 2000). Since it is shown from animal experiments that electroconvulsive 
therapy (ECT) induces mossy fiber sprouting in the rat hippocampus (Chen et al. 2000; 
Lamont et al. 2001) and stimulates neurogenesis (Madsen et al. 1998), a neurotrophic 
mode of antidepressive action is also proposed for ECT (Duman and Vaidya 1998). This 
was confirmed by preliminary findings of increased NAA (N-acetylaspartate), an amino 
acid exclusively located in neurons) concentrations after successful ECT (Michael et al. 
2003).  
Taken this into account, the improvement in immediate memory by ECT may reflect a 
normalization of previously disturbed neuronal functions, for example due to alterations 
in neurotransmitter levels (Michael et al. 2003; Michael et al. 2003). In other words, ef-
fective ECT and higher mean stimulation levels resulted in an effective improvement in 
mood/depressive symptoms and normalization of functional interaction of networks in-
volved in acquisition of memory (dorsolateral prefrontal cortex and hippocampus). 
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Retrieval of memory needs intact hippocampal function (Buckner and Wheeler 2001), but 
also a distinct level of neuronal density (Sass et al. 1992). Most studies reporting reduced 
hippocampal volume were associated with patients with treatment resistant depression 
(Mervaala et al. 2000), elderly depressed patients (Sheline et al. 1999), and those with 
multiple episodes (MacQueen, 2003). It is feasible that in our sample of severely de-
pressed, drug treatment resistant elderly depressives the hippocampus is structurally af-
fected and its neuronal density reduced. Positive neurotrophic effects of successful ECT 
can increase neuronal density due to neuroplasticity (Michael et al. 2003), but these struc-
tural alterations might be a long term effect and may be not visible immediately at the 
end of ECT series (that was the time point of our neuropsychological testing).  
Limitations of this study are that patients were not free of medication (Table 2) and we 
cannot completely rule out that antidepressant medication can affect memory perfor-
mance. We addressed this issue by applying a linear multivariable regression model 
which was adjusted for age, gender, diagnosis, clinical response and antidepressant medi-
cation during ECT treatment. Remarkably, results on focal improvement of immediate 
memory by ECT were confirmed and a great part of the variance of the data was ex-
plained by ECT parameters. This indicates that medication may modulate memory per-
formance but did not change the overall results of this study. Another limitation may be 
that we have not a medicated patient control group. However, our design intended to as-
sess differences prior to and after ECT. In a follow-up study medicated depressed patients 
should be included and compared. Also the number of our patients may be insufficient to 
monitor subtle improvements – however, results on delayed memory were the same prior 
and after ECT. The advantages of our study are the homogenous patient sample with 
comparable educational level, which were all severely depressed, drug treatment resis-
tant, elderly and underwent the same type of antidepressant treatment – being representa-
tive for the typical patient group treated with ECT. 
As we applied the WMS-R prior to and after treatment, another limitation of our study 
may be seen in possible test-retest effects. These are, however, usually much less exten-
sive than the gains obtained for the memory indexes in verbal, visual, and general memo-
ry in this study (Rapport et al. 1997). 
Our data give further insight in the nature of ECT related effects on memory. Retrieval of 
memory did not benefit from ECT, while initial encoding improved significantly. This 
may be explained by the finding that the latter is associated with short-term alterations by 
ECT (neurotransmitter levels, improvement in cognitive performance and depressive 
symptoms), while delayed memory performance seems to be associated with structural 
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aspects of the hippocampus and requires a distinct level of neuronal density to work ef-
fectively. Our results also show that severely depressed elderly patients with a long dura-
tion of affective disorder presented more areas of immediate (encoding) memory deficits 
(verbal and visual), most likely due to more advanced structural alterations in the hippo-
campus prior to treatment. Consequently, ECT treatment resulted not in an immediate 
improvement in delayed memory in our patient sample. To answer, if delayed memory 
performance will improve in remitted patients 12-24 months after successful therapy, this 
study should be extended. 
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3 Second study: Auditory processing of sine tones before, during 
and after ECT in depressed patients by fMRI  
Published in Journal of neural transmission. Authors: Christ, M., Michael, N., Hihn, H., Schüttke, A., Kon-
rad, C., Baune, B. T., Jansen, A., Pfleiderer, B. 2008. (in print). Copyright owner Springer Verlag 
3.1 Introduction 
Much progress has been made in order to elucidate the pathophysiology of severe mood 
disorders. With the advance of neuroimaging techniques such as positron emission tomo-
graphy (PET) and functional magnetic resonance imaging (fMRI), a widespread network 
of interconnected limbic and cortical areas could be identified to be involved in major 
depression (Mayberg 1999; Seminowicz 2004). Disorders of mood primarily attributed to 
parts of the limbic system might therefore alter cortical function and lead to severe ab-
normalities of cortical processing, e.g. in lateral prefrontal, anterior cingulate, orbitofron-
tal, or medial frontal cortex (Seminowicz 2004). Concerning hemispheric brain lateraliza-
tion, brain areas within the left frontal cortex seemed to be particularly involved in the 
pathophysiology of major depression (Baxter 1989; Bench 1992; Kennedy 2001; Kim-
brell 2002; Mayberg 2000). The pathophysiological importance of the frontal lobes 
(Goodwin 1997; Kumar 2000; Kumar 1997; Rajkowska 2000; Rajkowska 2001) has been 
underlined by histological and by structural MRI findings. Clinically, depressed mood 
might be accompanied by somatic symptoms, cognitive impairment (Vythilingam 2004), 
and as well as by disturbances of sensory perception, e.g. for olfactory (Pause 2001) or 
visual perception (Bange 1998).  
Recently, we could demonstrate that auditory processing is affected in severe depression 
as well. An abnormal fMRI-pattern of habituation was observed after repeated tonal 
stimulation of the auditory cortex in a small sample of depressive patients (Michael 
2004). Tollkötter and coworkers (Tollkötter 2006) reported an impaired MEG habituation 
pattern to fast acoustic speech (vowels) and non-speech stimuli (tones) in a subgroup of 
severely depressed patients in the auditory cortex. Altered auditory processing improved 
after successful antidepressant therapy (Tollkötter 2006).  
Generally, successful treatment of depression is accompanied by reduced fMRI activation 
in several regions and has been described for the cingulate, frontal, prefrontal and orbi-
tofrontal cortex, amygdale, parahippocampal area, caudate, fusiform gyrus and temporal 
cortex following antidepressant drug treatment (Fu CH 2007; Harmer 2006; Robertson 
2007; Silverstone 2005). Following sleep deprivation treatment, reduced fMRI activation 
has been described for the cingulate, amygdale, parietal and prefrontal cortex (Clark 
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2006; Clark 2006). Only little is known about cerebral alterations during ECT treatment 
yet (Palmio 2005) as most studies concentrate on alterations prior to versus following 
ECT treatment. To our knowledge, no functional brain imaging studies have been per-
formed during the course of an ECT treatment. 
The goal of this study was to investigate the influence of depressive disorder on cortical 
auditory processing to neutral sine tones by fMRI before, during (after a mean of 8 ECT) 
and at the end of the ECT course. We hypothesized that cortical function might be altered 
in the framework of a cortico-limbic system affected by major depression and that effec-
tive ECT should be able to reverse functional alterations accordingly. We also expected 
an altered cerebral activity during the ECT course, either in comparison to the activation 
prior to as well as the activation post ECT treatment. 
3.2 Material and methods  
Subjects 
Twenty depressed treatment resistent patients (10 female; 17 right-handed; age: 53.1 ± 
10.8 years) hospitalized at the Psychiatric Department of the University Hospital Münster 
participated in this study. Treatment resistance was defined as failure to respond to at 
least two different antidepressants given longer than 4 weeks at the maximum recom-
mended dose. Seventeen (see table 1) of them were right-handed based on the Edinburgh 
Handedness Inventory (Opitz 2005). All patients underwent a full clinical investigation 
by an experienced specialist in Neurology and Psychiatry (N. M.) employing the Munich 
checklist for DSM-IV diagnoses (Hiller et al. 2000), six out of 20 suffered from bipolar 
disorder. To assess severity of depressive symptoms, the Montgomery-Asberg rating 
scale (MADRS, (Montgomery and Asberg 1979) and Hamilton Depression Rating Scale 
(HAMD, (Hamilton 1960) were used for all patients. Clinical characteristics and ECT 
parameters of all patients are summarized in table 1. All psychotropic medication was 
discontinued on a mean of 2.8 ± 0.8 days to provide a standard ECT-monotherapy proto-
col (table 1). A longer washout period was not feasible due to severity of depression mak-
ing a further postponing of indicated ECT not acceptable. Patients with a medical history 
of drug abuse or neurological disorders were excluded.  
For additional analyses, patients prior to ECT treatment were clinically assigned to 
two groups according to the severity of depression (medium depressed (n = 13), se-
verely depressed (n = 7; MADRS > 37)); HAMD and MADRS-scores differed signifi-
cantly between both groups (HAMD, MADRS: Mann-Whitney-Test: p < 0.005). The 
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numbers of depressive episodes were also different (Mann-Whitney-Test: p < 0.005). 
Other clinical parameter did not differ between both groups (table 1). 
During and after ECT treatment no further differentiation between medium and se-
verely depressed could be performed, since the number of patients in the follow-up 
study was too small. 
As controls, twenty healthy individuals (10 females; 19 right-handed; age: 45.1 ± 9.4 
years) were recruited by advertisement. Comparing patients and controls only one dif-
ference was present (table 1). Patients had a lower school education (Chi2: p < 0.01). 
The experimental protocol was approved by the ethics committee of the local general 
medical council and the medical faculty of the University of Münster, Germany. All 
subjects gave written informed consent.  
 
ECT parameters 
During ECT, anesthesia was provided with methohexital (1 mg/kg intravenously) and 
muscle relaxation was achieved with succinylcholine (1 mg/kg intravenously). Patients 
received positive pressure ventilation at 20 breaths per minute from anesthetic adminis-
tration until resumption of spontaneous respiration. The unilateral electrode placement 
followed the d’Elia position. Seizure duration was monitored clinically in a cuffed upper 
limb and by the electroencephalogram (EEG) included in the ECT device. Stimulus in-
tensity was further increased by one level if seizure duration fell below 25s on the EEG 
recording during the ECT series. A treatment schedule of 2-3 ECTs weekly was chosen. 
The total number of treatments was determined by the ECT team, which was blind for the 
purpose of this study. ECT was applied using a customized brief-pulse device (Thyma-
tron IV, Lake Bluff, IL, USA) starting with stimulus titration in the first session and con-
tinuing with the 2.5-fold stimulus dose (unilateral treatment) or 2-fold stimulus dose (bi-
lateral treatment) above threshold. Response was evaluated after 8 UL treatments and 
judgment was based on the CGI-change scale (no change). All patients, which were as-
sessed by fMRI after a mean of 8 ECTs (time point: during ECT) were stimulated unilate-
rally on the right side first, 4 of the 11 patients who were investigated after the end of 
ECT course were stimulated bitemporally due to insufficient clinical response. A mean of 
12.3 ± 5.7 ECT treatments was needed for all patients. 82.8 % of all patients presented 
complete remission at the end of the ECT series and two showed partial response. 
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MRI data acquisition 
 
fMRI of the auditory cortex is methodologically challenging, since scanner noise, in-
tensity, frequency, type of auditory stimuli, time course of paradigm and habituation 
can strongly influence results or even mask responses (Bernal and Altmann 2001; Hall 
et al. 1999). Various approaches to overcome the confounding effects of scanner noise 
on the experiments have been published (Eden et al. 1999; Shah et al. 2000). One 
technique, which was also employed in the present study is the “sparse“ imaging 
scheme, where auditory stimuli are presented without interfering with scanner noise in 
long scan intervals (Hall et al. 1999). 
MRI data were acquired in a 3 Tesla whole body scanner (Gyroscan Intera T30, Phi-
lips, Best, NL) equipped with master gradients (nominal gradient strength 30 mT/m, 
maximal slew rate 150 mT/m/ms). A circularly polarized transmit/receive birdcage 
head coil with a HF reflecting screen at the cranial end was used for spin excitation 
and resonance signal acquisition. 36 T1-weighted anatomical spin-echo images (TR = 
480 ms, TE = 15 ms, flip angle 90o, matrix dimensions: 256 X 256 and field of view 
(FOV) = 210 mm, slice thickness 3.6 mm) were acquired before the fMRI data sets. 
For each subject, 38 functional image volumes were acquired using a single shot echo-
planar (EPI) sequence (whole brain coverage, TE = 55 ms, TR = 11500 ms, flip angle 
90°, slice thickness 3.6 mm without gap, matrix 64 x 64, FOV 230 mm, in-plane reso-
lution 3.6 x 3.6 mm). 36 transversal slices orientated parallel to the AC-PC line were 
taken. A TR of 11.5 sec was used to minimize echo-planar noise artifacts and to guar-
antee reproducible spin excitation (Belin et al. 1999; Bilecen et al. 1998). 
 
Experimental design 
 
The complete auditory stimulation paradigm consisted of three different types of stimula-
tion blocks: A1-A3 (music (A1M), sine wave tones (A2T) and syllables bla-bla (A3S) of 
115 sec duration each (ON), alternating with rest periods R1-R4 of 69 sec (OFF), respec-
tively (Fig. 1).  
 
 
 
 
– 27 – 
Fig. 1: Auditory stimulation paradigm. R1-R4 = rest periods of 69 sec (OFF). Music (A1M), sine 
wave tones (A2T) and syllables of 115 sec duration each (ON). 
 
 
For this paper only the results of sine tones will be presented, because these data yielded 
the largest differences before and after the ECT course. For the sine tone stimulation digi-
tally generated pulsed (ν = 5 Hz) 800 Hz sine tones were presented (Pfleiderer et al. 
2002). The order of the stimuli was determined after a series of pilot experiments in 
healthy subjects, which revealed that this sequence yielded the most robust and repro-
ducible activations for all acoustic stimuli. 
The paradigms were created with the Cool Edit Software program (Syntillium Software 
Corporation, Phoenix, Arizona, USA). Auditory stimulation was presented binaurally via 
pneumatic headphones (tube and headphones were acoustically shielded to reduce outside 
and gradient noise). For all subjects, the hearing threshold was determined within the 
magnet, and each subject was stimulated with a sound pressure level of 85 dB above the 
individual hearing threshold. 
 
fMRI data analysis 
 
Image processing and statistical analysis of the fMRI images was done by SPM2 standard 
routines and templates (www.fil.ion.ucl.ac.uk/spm). After pre-processing the data, indi-
vidual data analysis was performed using SPM2. Images were realigned, normalized and 
resliced to a voxel size of 2x2x2 mm 3, and smoothed with an 8 mm kernel. Data were 
then filtered with a high-pass filter (cut-off period of 128 s). 
To obtain activation maps across subjects, the functional data were combined in a ran-
dom-effects analysis to identify activated brain areas (uncorrected for multiple compari-
sons, p < 0.005, extent threshold/ minimum cluster size k = 10 voxels, one sample t-
tests). For determination of the mean baseline levels, the first two of the 6 measurements 
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during the rest period (OFF) were omitted, since only after 20 sec it is assured that the 
hemodynamic response to the stimulus can be neglected (Yang et al. 2000). 
A random-effects model takes into account between-subject variability and allows more 
generalized inferences from the data than a fixed-effects analysis. Contrasts that were 
found to be significant in the random-effect analysis (see Table 2) constituted the basis 
for further hypothesis-directed analysis with the activation intensities in the activated 
areas. Anatomical localization of activated brain regions was determined by reference to 
the standard stereotactic atlas by (Talairach and Tournoux 1988).  
In a second analysis the differences of BOLD-signal changes between both groups (pa-
tients, controls and severely vs. medium depressed for each condition were analyzed 
(second level t-test, puncorr. < 0.001, minimum cluster size (k) = 10 voxels) and before vs. 
during, before vs. after were analyzed in a paired t-test (second level t-test, puncorr. < 
0.001, minimum cluster size (k) = 10 voxels).  
Additionally, for second level analysis utilizing SPM2, simple regressions (correlations) 
were calculated with severity of depression (HAMD) and clinical parameters such as du-
ration of depression and duration of index episode as covariate (second level t-test, puncorr. 
< 0.001, minimum cluster size (k) = 10 voxels).  
 
Activation intensities 
To assess differences of auditory perception brain activation patterns between each pa-
tients and controls in auditory cortices, mean signal change of individual main auditory 
associated areas (BA’s 22, 41, 42) were determined for all conditions in patients as well 
as in healthy controls. The auditory cortical areas (primary and secondary) were defined 
according to their relation to the Heschl´s gyri and were similar to those reported in the 
literature (Bilecen et al. 1998; Hashimoto et al. 2000; Moffat et al. 1998). Based on prior 
knowledge from published studies involving areas either being activated during process-
ing of tones (putamen, thalamus) (Drevets 1992; Seminowicz 2004) or known to be af-
fected by depression (anterior cingulate cortex (ACC) (Bench 1992; Kennedy 2001; 
Kimbrell 2002; Mayberg 2000; Mayberg 1999; Seminowicz 2004) were analyzed, too.  
In addition to these areas we chose the secondary visual areas (cuneus: BA 17/BA19) for 
further analysis, because they were significantly robustly activated by the presentation of 
our paradigm in patients before ECT and the corresponding primary visual areas (BA 
17/BA19) as internal controls to rule out the possibility that patients and controls may 
have closed their eyes during the experiments differently by chance. 
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The following procedure was used: first, activation maxima of the chosen activated areas 
were determined. Next, region of interest (ROIs) were assessed for each subject by defin-
ing a sphere with a radius of 4 mm around these activation maxima. Activated areas were 
superimposed on anatomical images for an approximate anatomic localization. For each 
subject, the BOLD signal intensity (defined by the corresponding weighted ß-values) 
within each sphere was measured. Differences in mean percentage of signal change in 
activated areas were assessed with Student t-tests or Mann-Whitney, depending on the 
normal distribution of the values. Comparing intensities before, during and after ECT a 
paired non parametric Wilicoxon test was applied. For correlation with HAMD scores 
with intensities Peaarson correlation (parametric test) was used, for correlations of inten-
sities during and post ECT with clinical parameters a nonparametric test was applied, 
since normal distribution of values was not longer given. The distribution of each vari-
able used for statistical analysis was tested for normal distribution using the Kolmogorov-
Smirnov-Test. 
 
Statistical analysis 
ECT, clinical and demographic parameters were compared between patients and controls 
and between patients with medium- und severe depression using Student-t-test for mean 
comparison and Chi2-test for comparison of proportions between groups (Tables 1). 
 
Table 1: Clinical characteristics for patients. Medication prior to the fMRI exam is summarized. 
Patients were assigned to two groups based on severity of depression (severely: MADRS > 37). 
n.a. = not applicable= number of patients in subgroups in too low in the follow-up scans. 
 all patients 
(n = 20) 
medium de-
pressed 
(n = 13) 
severely de-
pressed 
(n = 7) 
age (years) 53.1 ± 10.8 52.2 ± 11.9 54.7 ± 8.9 
male N = 10 N = 5 N = 5 
right-handed N = 17 N = 12 N = 5 
positive family history for affec-
tive disorder 
N = 9 N = 4 N = 5 
duration of illness (years) 8.4 ± 6.5 9.1 ± 6.5 7.1 ± 6.9 
age at first manifestation 
(years) 
42.9 ± 15.4 40.2 ± 17.8 48.0 ± 8.2 
number of depressive epi- 3.7 ± 2.3 4.1 ± 1.4 1.4 ± 0.8 
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sodesa  
suicide attempts N = 8 N = 5 N = 3 
duration of index phase 
(months) 
8.1 ± 7.5 8.8 ± 9.1 6.7 ± 3.7 
unipolar 
bipolar 
N = 14 unipolar 
N = 6 bipolar 
N = 8 unipolar 
N = 5 bipolar 
N = 5 unipolar 
N = 2 bipolar 
days off medication 2.8 ± 0.83 3.0 ± 1.0 2.6 ± 0.55 
MADRS (n = 20)b  37.6 ± 6.1  34.3 ± 4.6 43.7 ± 3.0 
HAMD (n= 20)c 27.5 ± 7.2  24.0 ± 5.9 34.0 ± 4.4 
HAMD during ECT (n = 15) 17.3  ± 9,3 n.a. n.a. 
HAMD at the end of the 
ECT-course (n = 11) 
7.0 ± 6.0 n.a. n.a. 
number of ECT´s at time of 
fMRI (during ECT) 
8.1 ± 2.4 n.a. n.a. 
number of all ECT´s at the 
end of the ECT-course 
12.3 ± 5.7 n.a. n.a. 
Complete remission during 
ECT  
25 % -  - 
Complete remission at the 
end of the ECT-course 
81.8 % -   - 
Benzodiazepines N = 10 N = 8 N = 2 
Antiepileptics N = 2 N = 2 N = 0 
Neuroleptics N = 6 N = 4 N = 2 
Antidepressives N = 14 N = 8 N = 6 
a Mann-Whitney; p = 0.005; medium vs. severely depressed 
b Mann-Whitney; p =  0.005; medium vs. severely depressed 
c Mann-Whitney; p = 0.005; medium vs. severely depressed 
 
Intensity differences between patients and controls were assessed with Mann-Whitney U 
tests or Student t-test dependent on normal distribution of values. The Correlation of acti-
vation intensities with depression ratings (HAMD; MADRS) were performed with Pear-
son. Data were considered to be significant at a level of p < 0.05. All statistical analyses 
were performed with the Statistical Package for Social Science (SPSS) V 13.0 (SPSS Inc, 
Chicago, IL). 
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3.3 Results 
1. Prior to ECT 
 
First, cerebral activation is described for distinct random effect analysis within each 
group for our tonal paradigm (table 2 a-d). It is interesting to note that depressed patients 
pre ECT exhibited different and more activations than healthy controls (table 2 a-d) and 
in particular of secondary areas of the visual processing related network: left BA 7 (pre-
cuneus), right and left BA 17 (cuneus), left BA 17 (lingualis), and right BA 18 (lingualis) 
(Fig. 2, Fig. 3). A further analysis revealed, that these activations were only observed for 
medium depressed patients (puncorr = 0.001). 
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Table 2 (a-d): Cerebral activation for distinct random effect analysis within each group under 
sine tone stimulation. n.a. = not applicable, * z-score (random effect analysis, p = 0.001, threshold 
= 20 voxels). 
left hemi-
sphere 
x 
 
y 
 
z 
 
a) healthy subjects 
     area                 z* 
b) depressed patients 
      area                  z* 
c) medium depressed 
       area                  z* 
d) severely depressed 
          area                    z*
frontal -12 
-26 
-16 
-52 
-2 
-10 
-4 
52 
52 
BA 10 (SFC) 
BA 9 
2.9 
3.2
 
 
BA 6 (MFC) 
 
 
2.9 
n.a.   
 
BA 6 (MFC) 
 
 
3.4 
temporal -58 
-56 
-64 
-34 
-16 
-22 
4 
0 
0 
n.a.  n.a.  BA 20 
 
3.4 
 
 
BA 22 
BA 21 
 
3.5 
3.8 
parietal -32 
-8 
-8 
-22 
34 
-40 
-58 
-58 
36 
64 
6 
64 
BA 40 
 
 
BA 7  
3.2 
 
 
3.1
 
BA 5 
BA 7 (precuneus) 
 
3.9 
3.9 
 
 
BA 7 (precuneus) 
 
 
3.8 
n.a.  
occipital  -8 
-14 
-4 
-10 
-80 
-94 
-70 
-78 
10 
-14
10 
6 
n.a. 
n.a. 
BA 30 
 
 
2.9 
BA 17 (cuneus) 
BA 17 (lingualis) 
 
3.4 
3.9 
BA 17 (cuneus) 
 
 
BA 18 (lingualis) 
3.6 
 
 
3.5 
 
 
 
 
 
others -26 
 
26 
 
2 
 
n.a. 
 
 
 
claustrum 
cerebellum 
3.6 
3.8 
n.a.  claustrum 3.5 
right hemi-
sphere 
x y z  a) healthy subjects 
      area                  z* 
b) depressed patients 
      area                  z* 
c) medium depressed 
     area                 z* 
d) severely depressed 
        area                     z* 
frontal  30 
60 
20 
-8 
50 
-20 
-2 
14 
70 
BA 10 
BA 8 
3.4 
3.8
 
 
BA 6  
 
 
3.9 
n.a.   
 
BA 6 
 
 
3.8 
temporal 56 
58 
58 
30 
-15 
-22 
0 
-14
10 
n.a.  BA 21 
BA 22 
BA 41/42 
3.4 
3.6 
4.3 
 
BA 22 
BA 41/42 
 
3.3 
3.5 
 
BA 22 
 
 
3.7 
 
parietal 12 -50 66 n.a.  BA 7 3.5 BA 7 3.2 n.a.  
occipital  4 
8 
-84 
-80 
8 
-5 
 
 
 
 
BA 17 (cuneus) 
BA 18 (lingualis) 
4.7 
3.7 
BA 17 (cuneus) 
 
3.7 n.a.  
others  30 
18 
8 
0 
-2 
38 
n.a.  claustrum 3.3 n.a.   
BA 24. 
 
3.3 
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Fig. 2: Cerebral activation in the cortex of healthy subjects (upper row) and depressed patients 
prior to ECT (lower row) under sine tone stimulation (random effect analysis, puncorr = 0.005, 
threshold = 20 voxels).  
O = occipital, R = right, L = left, U = upper part of the brain.  
1 = BA 17 (cuneus), 2 = BA 19, 3 = BA 18 (gyrus lingualis), 4 = BA 42/41/22, 5 = MFC 
 
 
 
 
 
 
 
 
 
R LO U
1 2
2
3
5
5
4
5
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Fig. 3: Patients prior to ECT > controls (second level analysis, puncorr = 0.005, threshold 10 vox-
els). Patients compared to controls activated stronger the auditory cortex (1 = BA 41/42/22;left) 
and recruited additionally areas of the secondary visual network (3 = BA 17 (cuneus), 4 = BA 18 
(lingualis); right); 3 = insula.  
 
 
 
 
 
 
 
 
 
Second, patients before ECT and controls were compared using a second level t-test SPM 
analysis (table 3). Not surprisingly, when comparing patients to healthy subjects, patients 
with major depression and again the medium depressed patients presented stronger acti-
vations of the secondary visual cortices (left BA 17 (cuneus), left BA 18 (lingualis), left 
BA 7 (precuneus) and the putamen bilaterally. Healthy controls did not present a stronger 
activation at the given threshold than patients.  
In a more detailed further analysis of activation intensities it was found that patients prior 
to ECT exhibited higher intensities than controls in the left BA 42 (student`s t-test; T = 
2.7, p = 0.010), the left cuneus (BA 17) (student`s t-test; T = 2.8, p = 0.008), the left and 
right cuneus (BA 19; student`s t-test; T = 2.1, p = 0.048 (left), T = 2.0, p = 0.048 (right)) 
and the right putamen (student`s t-test; T = 2.3, p = 0.025). There were no intensity dif-
ferences in the primary visual areas between patients and controls (Fig. 3)  
Severely depressed patients presented significantly higher intensities in the right BA 42 
(Mann-Whitney; Z = -2.1, p = 0.035, Fig. 4A), the right BA 44 (Mann-Whitney; Z = -2.0, 
p = 0.043) and as a trend in the left anterior cingulate cortex (Mann-Whitney; Z = -1.7, p 
= 0.08) in comparison to medium depressed but less signal intensity in the right thalamus 
(Mann-Whitney; Z = 2.2, p = 0.025, Fig. 4B). 
 
 
 
 
 
 
1
1 2
3
3 44
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Fig. 4: Differences in activation (a.u. = arbitrary units) of A) right BA 42 of the auditory cortex 
and b) right ventrolateral thalamus in depressed patients before ECT. Remarkably severely de-
pressed patients exhibited a lower activation of the right thalamus, while the auditory cortex 
showed an increased activation. The latter behaviour might be explained by the disturbed inhibi-
tory gatekeeper function of the thalamus in very depressed patients. 
 
 
 
A) B)
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Table 4: Correlation of clinical parameters with activation intensities after acoustic tonal stimula-
tion.  
regression of HAMD scores and signal intensity prior to ECT 
left  p r 
BA 24/32 0.029 0.49 
putamen  0.008 0.57 
right p r 
BA 42 0.003 0.62 
putamen 0.001 0.68 
regression of duration of index episode (months) and signal intensity after ECT 
left  p  r  
BA 22 0.049 0.46 
BA 44 0.046 0.46 
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Fig. 5: Positive correlation between severity of depression (HAMD scores) and signal intensity 
A) in the right BA 42 (p = 0.003, r = 0.62) of the auditory cortex and B) right putamen.(p = 0.001, 
r = 0.68).The more depressed patients were, the higher was the activation of these areas. a. u. 
arbitrary units.  
 
 
 
 
 
 
 
 
 
There were several positive correlations between severity of depression (HAMD score) in 
patients before ECT and activation intensities (table 4, Figs. 5A, B). A positive correla-
tion could be also observed between the duration of index episodes and areas of the sec-
ondary auditory processing network (left BA 22, BA 44, table 4). The more depressed or 
the longer patients have been acutely depressed, the stronger was the cortical response to 
sine tones in these areas (table 4).  
 
2. During and post ECT 
Third, patients were compared prior, during and after ECT with a second level analysis 
(for a detailed summary see table 5). Our data indicate that generally reduced brain acti-
vation seems to occur during an ECT course. No higher activation was seen in patients 
during compared to patients prior and at the end of ECT. At the end of the ECT course 
response in various brain areas to our tonal paradigm increased again (table 5).  
 
 
 
 
 
 
 
 
A) B)
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Table 5: Changes in cerebral activation during the course of ECT (second level t-test SPM analy-
sis; puncorr = 0.005, threshold 10 voxels). Activation during ECT was never stronger that before or 
after ECT. n.a. = not available 
 prior ECT  
> during ECT 
prior ECT  
> post ECT 
post ECT 
> prior ECT 
post ECT  
> during ECT 
left hemi-
sphere 
frontal lobe   n.a. BA 8 n.a. n.a. 
temporal lobe  n.a. BA 21  
 
BA 41 
n.a.c 
parietal lobe   
BA 39 
BA 7  
 
BA 40 
 
BA 37 
occipital lobe  BA 17 (cu-
neus) 
BA 18 (lin-
gualis) 
BA 19 (cu-
neus) 
 
BA 18 (lin-
gualis) 
BA 19 (cu-
neus) 
n.a. n.a. 
others  insula 
cingulate (BA 
25) 
 
ACC 
(BA23/32) 
n.a. posterior  cingulate 
(BA 31) 
right hemi-
sphere 
frontal lobe   n.a. BA 8 
BA 9 
n.a. n.a. 
temporal lobe  BA 37 n.a. n.a. n.a. 
parietal lobe  BA 5 
BA 7 
n.a. n.a. n.a.  
occipital lobe  BA 18 (lin-
gualis) 
BA 18 (lin-
gualis) 
BA 19 (cu-
neus) 
n.a. n.a. 
others   
cingulate (BA 
23) 
 
cingulate (BA 
25) 
insula 
ACC (BA 24) 
 
posterior cingulate 
(BA 31) 
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Fig. 6: Altered signal intensities (a.u., arbitrary units) in the cortex of depressed patients before 
and during an ECT course in A) secondary visual cortex (cuneus, BA 17) and B) putamen. * < 
0.05, ** < 0.001. During ECT reduced activations can be observed, with an increase post ECT. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6: Significant signal intensities (a.u. arbitray units) differences in the ECT course. 
 I paired t-test, II Mann-Whitney U test, III Wilcoxon Test, IV student`s t-test 
left hemisphere healthy 
controls 
patients  
before 
ECT 
patients  
during ECT 
patients  
post ECT 
p   
BA 17 (cuneus) -0.9 ± 
2.5 
0.9 ± 1.4   0.008 IV 2.8 
BA 17 (cuneus) -0.9 ± 
2.5 
  1.0 ± 2.3 0.048 II 2.1 
BA 17 (cuneus)  0.8 ± 1.4 0.1 ± 1.0  0.050 I 2.1 
BA 19 (cuneus) -0.6 ± 
2.5 
0.7 ± 1.2   0.048 IV 2.1 
BA 19 (cuneus)  0.7 ± 1.0  -0.6 ± 1.5  0.003 I 3.6 
BA 19(cuneus)   -0.6 ± 1.5 0.8 ± 2.0 0.047 III -2.2 
BA 22  0.5 ± 1.3 -0.7 ± 1.3  0.014 I 2.8 
BA 42 -0.6 ± 
1.8 
0.8 ± 1.4   0.010 IV 2.7 
BA 44 -0.1 ± 
0.7 
 -0.7 ± 1.2  0.028 II -2.2 
*
**
*
*
*
*
B)A)
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BA 44  0.4 ± 1.2 -0.7 ± 1.2  0.007 I 3.1 
BA 24/32 -0.2 ± 
1.0 
 0.3 ± 0.9  0.049 II -1.9 
 
right hemi-
sphere 
healthy 
controls 
patients  
before 
ECT 
patients  
during ECT 
patients  
post ECT 
p   
BA 19 (cuneus)  -1.0 ± 
3.4 
0.7 ± 1.4   0.048 IV 2.0 
BA 22 -0.1 ± 
1.1 
  0.7 ± 0.9 0.022 II -2.3 
putamen  -0.1 ± 
0.5 
0.4 ± 0.9   0.025 IV 2.3 
putamen   0.4 ± 0.9 -0.1 ± 0.5  0.045 I 2.2 
putamen    -0.1 ± 0.5 0.7 ± 1.3 0.040 III -2.1 
 
A more detailed further analysis of activation intensities corroborated these findings (Fig. 
6A-C, table 6). Signal intensities were significantly lower during ECT treatment in the 
left BA`s 22 and 44 and the left cuneus (BA 17; Fig. 6A and BA 19) of the visual net-
work, the right putamen (Fig. 6B) as well as - in a trend (p = 0.060, T = 2.0) – the left 
thalamus. During ECT treatment, signal intensities were also significantly lower in com-
parison to the signal intensities measured post ECT. No significant differences could be 
observed in comparison of the signal intensities measured in depressed patients prior to 
and post ECT. Post ECT, signal intensities were significantly higher in comparison to 
healthy controls in the left cuneus (BA 17) (Fig. 6A), the right BA 22 of the auditory cor-
tex and - in a trend (p = 0.089, T = 1.8) - the right putamen. There were no correlations 
between severity of depression (HAMD score) in patients during and after ECT and acti-
vation intensities. 
 
Fourth, in response to tones in healthy controls interhemispheric analysis of the activation 
intensities revealed, that mean activation was significantly higher in the left putamen than 
in the right (paired t-test; T = 2.1, p = 0.050) and the right thalamus in comparison to the 
left (paired t-test; T = -2.4, p = 0.027) but in no other regions of healthy controls. In de-
pressed patients no inter – hemispheric differences could be observed neither prior to nor 
during or following ECT treatment. 
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3.4 Discussion 
1. Prior to ECT 
Studies employing fMRI or PET have helped to identify several brain regions that pre-
sented abnormal left-lateralized metabolic activity during severe depression, for example 
the prefrontal cortex, in particular the DLPFC, orbitofrontal or cingulate cortex, striatum 
or thalamus (Baxter 1989; Bench 1992; Kennedy 2001; Mayberg 2000). Our data cor-
roborated previous results that cortical auditory processing to sine tones by fMRI was 
altered in depressed patients (Michael et al. 2004), (Tollkötter 2006).  
The main results of this study clearly supported our first hypothesis of altered auditory 
perception in depression. Prior to therapy, in comparison to the activation pattern seen in 
healthy controls, additionally activated areas could be observed in the cortex of de-
pressed, in particular nodes of the secondary visual system (cuneus, lingualis) and MFC 
(Fig. 2, 3, table 2, 3), regions usually not activated in healthy volunteers while listening to 
neutral sine tone stimulation (Pfleiderer B 2002). In addition, higher intensities in patients 
in the putamen and auditory cortex (BA 42/BA 41/BA 22) were also seen. Positive corre-
lations between the duration of the index episode and signal intensity of the auditory cor-
tex could be demonstrated in patients prior to ECT as well as positive correlations be-
tween HAMD score and signal intensity in the auditory cortex (Fig. 5A, table 4), the cin-
gulate cortex and the putamen (Fig. 5B) in patients prior to but also following ECT 
treatment. The subgroup of stronger depressed patients presented higher activation of the 
auditory cortex (Fig. 4A, table 3). Therefore, hyperactivation of these areas compared to 
controls seemed to be in particular sensitive to depressive symptomatology. 
The influence of severity of depression and duration of index episodes on several areas 
being involved in auditory cortical tonal processing (table 4) may be explained by the 
assumption that depression probably hampers neuronal function with prolonged time 
spent severely ill. This could lead to impaired function and/or altered structure, as dem-
onstrated for increased neuropsychological impairment (Fossati et al. 2004) or greater 
hippocampal atrophy with increased lifetime being depressed (Sheline et al. 1999). 
Our findings of impaired auditory processing in patients corroborate previous findings of 
our group: abnormal response patterns to pulsed sine tone stimulation have previously 
been described using fMRI (Michael et al. 2004) and MEG (Tollkötter 2006) in patients 
with depression. A subset of patients presented an increased response to tonal stimulation 
(Tollkötter 2006). Severely depressed patients present deficits in cognition and attention 
(Egeland et al. 2003; Harvey et al. 2004; Vythilingam et al. 2004), thus auditory informa-
tion can not be processed sufficiently well in these cases. Thus it is feasible to assume 
– 42 – 
that the severe attention deficits in severely depressed patients may affect information 
processing. The higher activation of the auditory cortex bilaterally in more severely de-
pressed patients (Fig. 2, 3 and table 3) may be responsible for the sensory overload and 
noise sensitivity observed clinically in patients. 
These findings are also in line with reports of increased brain activation for several types 
of cognitive tasks in patients with depression (Adler CM 2004; Beauregard M 1998; Fitz-
gerald PB 2007; Malhi GS 2004). A former study revealed too that depressed patients 
needed higher activity within the same neural network to maintain a similar level of per-
formance as controls during a working memory task (Harvey PO 2005) and another study 
discussed that patients with depression may recruit more brain areas to achieve similar or 
even poorer task performance than control subjects (Fitzgerald PB 2007). 
Smaller volumes of the putamen of depressives that correlated inversely with length of 
illness (Lacerda 2003) were described by several authors (Husain MM 1991; Krishnan 
KR 1992; Lenze E 1999; Parashos IA 1998; Soares JC 1997) as well as abnormal activa-
tion during various cognitive tasks (Adler CM 2004; Rich BA 2006; Surguladze S 2005). 
Also, the putamen plays e.g. an important role in motor regulation (Parent A 1995) as 
well as the processing of emotions (Choi JC 2006; Hofer A 2006; Peller M 2006; Smeets 
PA 2006).  
Two possible explanations for the stronger activation of the putamen of depressed will be 
discussed. First, as the putamen is known to be involved in the processing of emotions 
(Choi JC 2006; Hofer A 2006; Peller M 2006; Smeets PA 2006), additionally activation 
of the putamen might be the expression of an altered perception of the stimulus. Maybe, 
depressed patients sensed the repetitive sine tone paradigm as either annoying or alarm-
ing, resulting in an emotional response to a stimulus that was unable to evoke emotions in 
healthy controls. The positive correlation between HAMD score and signal intensity in 
the putamen (Fig. 5B, table 4) might support this theory. 
Second, additionally activation of the putamen might be interpreted as a further indication 
for the recruitment of additional brain regions, needed to maintain function of auditory 
perception/processing (Fitzgerald PB 2007). Usually the putamen plays a role in the 
processing of deviant tones in healthy subjects. This was recently shown by Opitz et al., 
who reported, using H215O-PET, an increased activity in the bilateral putamen after pres-
entation of deviant tones in sinusoidal tone blocks in an “oddball” tone design (Opitz 
2005). 
Thus, the correlation between HAMD score and signal intensity in the right BA 42 of the 
auditory cortex (Fig. 5A) and the observation of significantly higher signal intensities in 
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the auditory cortex of depressed in comparison to healthy controls (Fig. 2,3 and table 3) 
might be valued as the result of an overloaded auditory cortex in depressed patients. As a 
result the putamen will be activated due to the excessive demands of the auditory cortex 
and might be interpreted as an altered processing of the tonal stimulus, independent of an 
altered perception, to compensate for hampered performance in the auditory cortex. 
 
Following this line of argumentation it may be feasible to assume that parallel to an al-
tered perception or an altered processing of the auditory stimulus, the thalamic function 
may be affected by depression as well. The thalamus serves as gatekeeper in early cross-
modal interactions (Baier 2006; Vohn 2007) and alterations of the thalamus have repeat-
edly been discussed to be involved in the pathophysiology of depression (Drevets 1992; 
Seminowicz 2004). Higher thalamus activation seems to be consistent with evidence for 
reduced inhibitory function in depression (Brody 2001; Greicius 2007; Milak 2005), 
which may result in higher activation of auditory cortices (Fig.2,3) and the putamen (ta-
ble 3) in patients and activation differences between medium und severely depressed pa-
tients (Fig. 4 A,B) as observed in this study.  
In this context it is also remarkably to note that hemispheric asymmetries - with higher 
intensities in the left than in the right putamen and thalamus - could be demonstrated in 
healthy controls but not in depressed patients in this study. Hemispheric asymmetry for 
auditory processing in subcortical regions has been described as physiological in the lit-
erature (Schönwiesner 2007) and a disturbed lateralization in has been discussed to serve 
as a further marker for an altered regulatory function of the frontostriatal system in pa-
tients with frontostriatal disorders (Bradshaw 2000). Although differences in signal inten-
sities in the thalamus did not reached statistical significance between depressed and con-
trols, the theory of a disturbed gatekeeper functions in depressed patients might help to 
explain the altered processing of the presented auditory stimulus with the recruitment of 
other brain regions, mainly located in the putamen but also in visually associated areas 
when using an unimodal auditory sensory paradigm. 
In our study, additionally activation of areas of the secondary visual processing network 
(Fig. 3, table 3) but not in primary visual areas during auditory stimulation could be dem-
onstrated in depressed in comparison to healthy controls This activation of a visual re-
lated network in depressed supports the hypothesis of additional recruitment of other 
brain regions needed to achieve adequate task performance, maybe as a result of dis-
turbed thalamus` gating mechanisms. This additionally activation of the precuneus (BA 
7), cuneus (BA 17, BA 19) and lingualis (BA 18) has been mainly observed in medium 
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depressed but only to a little extent in severely depressed patients. No correlation be-
tween HAMD score and the secondary visually cortex was found. 
Acting on the assumption that additionally activation of the visual cortex is the medium 
depressed brains ´strategy to compensate for its deficit, the observation of a missing addi-
tionally activation pf secondary visual areas of severely depressed might be an indication 
for an exhausted capacity of the severely depressed patients´ brain, the ability to compen-
sate by recruitment of other brain regions to achieve adequate task performance in se-
verely depressed seems to be limited.  
Supporting this interpretation are recent findings, who found direct projections of the 
primary auditory cortex to non-auditory sensory and multisensory brain areas and in par-
ticular the secondary visual cortex, too (Budinger 2006). Budinger et al. also found pro-
jections to the claustrum; this area was also activated in patients before ECT and not in 
controls (table 2) and may also be part of this compensatory network. 
It is important to note that additional activation of areas of the secondary visual process-
ing network during auditory tasks could be demonstrated also in healthy people (Amedi 
A 2005; Martuzzi R 2007). Vice versa, activation of the auditory cortex due to purely 
visual stimulation was observed in healthy individuals (Meyer M 2007) as well as in 
hearing loss subjects (Finney 2003; Finney 2001). Several interactions between different 
sensory cortices have been repetitively controversial discussed (Cohen Kadosh 2006; 
Kujala 2000) and are still part of the debate (Cohen Kadosh 2006). 
 
2. During and post ECT 
While several studies described alterations in regional cerebral blood flow and cerebral 
metabolism after cessation of a complete ECT course (Awata S 2002; Blumenfeld H 
2003; Bonne O 1996; Fu CH 2007; Milo TJ 2001; Nobler MS 2000; Vangu MD 2003) 
only few studies to our knowledge have been engaged in cerebral alterations during ECT 
treatment. Mainly increased levels of glutamate, aspartate and tryptophane and decreased 
GABA level have been described already after one single ECT (Palmio 2005), or like-
wise clinically improvement (Williams 1997). These results indicated that ECT seems to 
induce alterations in amino acids during an ECT course.  
In our fMRI study, the first that describes functional alteration during ECT, depressed 
patients presented (second level SPM analysis) reduced activation of the cortex (table 5) 
during ECT course. After successful antidepressant treatment (post ECT) activation in-
creased again in some areas but usually not exceeding pre ECT levels (table 5). Further 
analysis of signal intensities of a priori defined areas corroborated these findings: signal 
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intensities in the auditory associated areas, secondary visual areas as well as the putamen 
were significantly reduced in patients during ECT course in comparison to the signal in-
tensities measured prior to and post ECT treatment (Fig. 6A,B, table 6), and activation 
increased post ECT again with the exception of the ACC who presented a decrease (table 
5). Taken all together, persistent alteration to sine tones was present even after successful 
therapy. Obviously, brain function of patients was less able to recover in full. This was in 
contrast to our second hypothesis, that successful ECT should reverse functional altera-
tions. But, our fMRI findings are in line of a MEG study in depressed patients by Tollköt-
ter et al. (Tollkötter 2006) who reported that the brains´ answer to tonal stimuli seem to 
be less affected by depressive mood and probably more related to attention deficits in 
patients. It has been demonstrated that after antidepressant therapy deficits in attention 
still persist. Thus one can assume that improvement in HAMD scores will less improve 
brain response to tones. 
ECT treatment is known to induce cognitive side-effects accompanied by mnestic deficits 
(Calev 1989; Macqueen 2007). Previous studies described that cognitive parameters 
found to be impaired especially immediately after ECT (Lisanby 2000), recovered over 
the time following treatment (Ghaziuddin 2000).  
Furthermore, Tsourtos et al. measured the speed of information processing in depressed 
patients who received ECT using the inspection time (IT) task and found the mean IT 
scores slowed significantly after ECT, but were significantly faster months later at fol-
low-up (Tsourtos 2007). Accordingly, studies on changes of memory function during the 
course of ECT showed that immediate and delayed memory scores can become worse 
compared to pretreatment scores, but at the end of ECT series immediate memory im-
proved whereas delayed memory remained impaired (Steif 1986). 
Increases in cerebral blood flow (rCBF) post ECT of previous reduced areas in depressed 
patients was described previously (Awata S 2002; Blumenfeld H 2003; Bonne O 1996; 
Fu CH 2007; Milo TJ 2001; Nobler MS 2000; Vangu MD 2003) and our results parallel 
these findings. In contrast to most areas, reduced fMRI activation of the cingulate cortex 
after successfully treatment of depression was reported (Robertson B 2007; Walsh ND 
2007) as well as after sleep deprivation (Clark 2006; Clark 2006). In particular Takano et 
al. observed decreased rCBF in the anterior cingulate soon after ECT compared with 
rCBF before (Takano H 2007). Our observed still reduced activation of the ACC post 
ECT treatment seems to be consistent with such previous findings. 
This can be explained by the assumption that the ACC seem to reflect improvements in 
depressive symptomatology and should less depend on still persisting attention deficits. 
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In a magnetic resonance spectroscopy (MRS) study, a non invasive method to assess 
brain metabolism, our group could demonstrate that successful ECT reversed gluta-
mate/glutamine (Glx) deficit in melachanolic patients in the left ACC before ECT (Pflei-
derer 2003) and Glx levels correlated with mood improvement. No MRS alterations were 
found in the auditory cortex of depressed patients pre and post therapy (Tollkötter 2006). 
It is feasible to state that the reduced activation of the ACC post ECT treatment reflects 
successful treatment of depression with ECT (Clark 2006). 
Taking together, our results suggest that severe depressive episode is probably not only 
accompanied by mood symptoms and cognitive impairment, but also by functional im-
pairment of sensoric functions such as of the auditory cortex. Our patient group exhibited 
all melancholic features and described specifically altered dysfunctional sensorial percep-
tion - either as responses to sounds attenuated or as sounds felt to be too loud (sympto-
matic of sensoric overload). Widespread brain dysfunction may result in abnormal sen-
sory processing, recruiting of additional brain areas connected to the auditory cortex such 
the secondary visual network and contribute to the various clinical symptoms, including 
cognitive impairment and abnormal sensory experience, described by severely depressed 
patients (Bange and Bathien 1998; Bange 1998; Pause et al. 2001; Pause et al. 2003), 
which is not completely resolved after successful ECT for non-speech stimuli. 
This study has several limitations. Firstly, the patient group was relatively small (n = 20 
for the pre-treatment measurements, n = 15 during ECT and n=11 for the post-treatment 
follow-up.) Subgroups of patients with unipolar or bipolar depression were therefore 
small, too, and no analysis was possible. Due to the limited number of patients post-hoc 
analysis or corrections for multiple comparisons were not feasible and the results were 
not really meaningful. Moreover, not all data were normally distributed. Secondly, the 
washout period of psychotrophic medication was short (see table 1). Consequently we 
cannot completely rule out medication effects on our data. Third, patients´ eyes were not 
covered during the exam because patients were very anxious and could not tolerate that. 
We can not completely rule out that activation of the visually associated cortex as ob-
served especially in medium depressed patients might be also the result of visual percep-
tion. Since activation differences between patients and controls before and during an ECT 
course were observed mainly in the secondary but not in the primary visual cortex (table 
1, table 6) the observed activation of the secondary visual cortex as result of selective 
visual perception differences seems not likely. 
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Still, these data suggest that depression seems to be accompanied by a dysfunction of 
cortical function. Impaired auditory processing of non-speech stimuli may probe as a 
state marker for major depressive disorder. Further work is needed in larger groups to 
confirm these results and to determine further factors, which may have an influence on 
auditory processing in severe depressive episode. In particular it seems to be important to 
initiate further longitudinal studies that deal with cerebral alterations during ECT. 
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4 Third study: Crossmodal affective priming in healthy subjects  
4.1 Introduction 
The identification of the neural circuitry underlying emotional processing is important to 
the fields of affective and cognitive neurosciences. To this purpose, neuroimaging studies 
often adopt paradigms that involve priming or interference between (aspects of) affective 
stimuli. We focused here on effects - on brain and behaviour - of the emotional valence of 
prime words and facial stimuli, and on their congruence. Before providing details of our 
study, we briefly review relevant paradigms and findings to the issue at hand.  
Attempts to identify the neural circuitry related to sadness or happiness in healthy sub-
jects are manifold (Beauregard et al. 1998; Damasio et al. 2000; George et al. 1995; Lane 
et al. 1997; Liotti et al. 2000; Pardo et al. 1993; Schneider et al. 2000). Important nodes 
of the network involved in identifying affective facial expressions (Haxby et al. 2000) are 
the fusiform face area in the ventral occipito-temporal cortex (Kanwisher et al. 1997; 
Puce et al. 1995), as well as the limbic system (Hariri et al. 2000). Of particular impor-
tance is the amygdala, which shows a selective response to emotional facial expressions 
such as fear (Blair et al. 1999; Schneider et al. 2000; Wiliams et al. 2001), sadness (Blair 
et al. 1999; Schneider et al. 2000), and disgust (Gorno-Tempini et al. 2001). For example, 
Kesler-West  et al. found larger activation in the fusiform gyrus during explicit process-
ing of sad relative to neutral facial expressions (Kesler-West et al. 2001).  
In behavioural and neuroimaging studies, the impact of affective information is often 
investigated by assessing its automatic effects in interference paradigms. One such para-
digm is the emotional Stroop colour-naming task, in which subjects are instructed to 
name the colour of presented words as quickly as possible, ignoring their content (Borke-
nau and Mauer 2006; Strauss and Allen 2006; Strauss et al. 2005). In a meta-analysis of 
70 published emotional Stroop studies, longer response latencies typically found for col-
our-naming of threat words, compared to neutral words, were interpreted as an index of a 
fast attentional bias for threatening or negative information, and of a slow disengagement 
process (Phaf and Kan 2007). Another approach to assess emotional processing involves 
priming, examining the influence of a first affective stimulus (prime) on the processing of 
the second affective stimulus (target). Primes are presented subliminally in implicit prim-
ing and supraliminally in explicit priming.  
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Behavioral effects of congruency were often observed, that is, emotionally congruent 
prime-target pairs were responded to faster than incongruent pairs. With word naming, 
for example, pronunciation latencies were shorter when targets (e.g., loyal) were pre-
ceded by congruent (e.g., cake) as compared to an incongruent (e. g. rain) prime words 
(Klauer and Musch 2001). Similarly, affective priming with pictures of emotional scenes 
showed significantly faster responses for congruent than for incongruent prime-target 
picture pairs (Avero and Calvo 2006). A study of Haas et al. (Haas et al. 2006), with posi-
tive or negative target words overlaid upon faces of congruent or incongruent valence, 
also revealed that emotionally incongruent pairs were responded to more slowly than 
emotionally congruent pairs. As argued below, such congruence effects might be accom-
panied or modified by valence effects. 
In functional imaging experiments, increased identification time on incongruent trials was 
associated with increased brain activation, in the bilateral anterior cingulated cortex 
(ACC) (Haas et al. 2006), the thalamus, particularly the mediodorsal nucleus, (Egner and 
Hirsch 2005), the amygdala (Etkin et al. 2006), the fusiform / fusiform-parahippocampal 
area, the precuneus and the posterior cingulate (Koutstaal et al. 2001).  
With respect to overall valence effects, a difference in activation was observed between 
positive and negative primes, resulting in facilitation when primes were positive but not 
when primes were negative (Kiesel et al. 2006; Kolanczyk and Pawlowska-Fusiara 2002). 
Similar results were found with the emotional Stroop task, in which subjects read prime 
words with positive, negative and neutral valence. This suggests that negative words, but 
not positive words, have attention-grabbing power and can delay subsequent processing 
of information, (Suslow et al. 2001). A study by Stenberg et al. also supported this (Sten-
berg et al. 1998). It could well be that effects of affective valence and emotional congru-
ence are not independent, an issue that we will explicitly investigate in our current study. 
Most affective priming studies were conducted within one (usually the visual) modality. 
In natural situations, however, emotions usually arise and develop on the basis of infor-
mation from more than one modality: for example angry faces, shouting voices and  the 
smell of fear (Marks 1978; Plutchik 1994). Therefore, we conducted a crossmodal affec-
tive priming study. Conflicting affective stimuli from different modalities may show dif-
ferent effects than stimuli from the same modality. They may induce more interference, 
and their processing may require more capacity. First, in order to test this congruency 
effect, we combined spoken emotional words (congruent, incongruent or neutral) as 
primes and visual face stimuli with different emotional expressions (sad, happy) as tar-
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gets. Second, we wanted to contrast an effect of congruency between primes and targets 
with effects of prime valence, which has not been explicitly done before in an affective 
priming study. 
To analyse the prime valence effect, neutral faces preceded by happy, sad or neutral 
words were presented in a balanced design with the happy and sad faces. Reaction times, 
error rates and neural correlates of affective processing were investigated. 
In respect of the findings of the summarized priming studies, we had the following three 
hypotheses: a) if priming effects are due to the affective congruency between prime and 
target, we expect faster responses and a BOLD signal decrease in the regions of interest 
(anterior, posterior cingulate, amygdala, thalamus, fusiform gyrus and precuneus) for 
congruent prime-target pairs, as compared to incongruent prime-target pairs and to a neu-
tral condition. This congruency effect should hold for all prime and target valences. b) If 
priming effects are modulated by the valence of the prime words, we postulated that posi-
tive primes (happy words) will speed up reactions and lead to a significant BOLD signal 
decrease in the regions of interest, in comparison to sad or neutral primes. In principle, 
this could hold independently of target valence, but we will also investigate prime va-
lence effects with the neutral face stimuli. c) Because of the two modalities employed in 
our study, a strong activation of the thalamus is expected, in particular when negative 
primes were presented in another modality, auditory in this case, than the target. Atten-
tion-related activation in thalamus was observed during auditory and visual orienting 
tasks (Salmi et al. 2007). Given that control over emotional distracters plays an important 
role for normal functioning, we also expected a strong activation of the cingulate cortex 
by this complex, multimodal evaluation task (Etkin et al. 2006; Vogt et al. 1992). 
 
4.2 Methods 
Subjects 
 
Twenty right-handed (Edinburgh Inventory), (Oldfield 1971), native speakers of German, 
10 female, were tested in this study. Subjects were between 27 and 62 years of age (mean 
age ± S.D.: 42.5 ± 11.3 years), and had a mean of 15.5 (± 2.3) years of education. The 
homogeneity of our sample was demonstrated by a lack of significant differences be-
tween females and males in mean age (t = 0.66; p = 0.51) and mean years of education (t 
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= 0.53, p = 0.59). A priori exclusion criteria were a history of psychiatric, neurological 
and somatic disorders.  
Approval to conduct the study was obtained from the ethics committee at the University 
of Münster, Germany. All experiments were conducted in accordance with the Declara-
tion of Helsinki and with the adequate understanding and written consent of the subjects.  
 
Design and procedure: Emotional crossmodal priming paradigm  
 
To examine the complex processes involved in the experience of emotions, affective 
stimuli were presented in two modalities: auditory and visual. Subjects heard spoken 
emotional words as primes, followed by emotional facial stimuli. The acoustic and visual 
stimuli had three valences: sad, happy and neutral. Primes consisted of thirty adjectives: 
10 sad, 10 happy, 10 neutral, the three categories being matched for word length (6 to 10 
letters) and word frequency (Celex 1995). Primes were selected from previous studies on 
the basis of their ratings on positive-negative bipolar scales (Barnhofer 2002). Greyscale 
photographs of ten faces (5 male, 5 female) were chosen from a standardized series of 
facial expressions (Ekman and Friesen 1976) representing sad, happy or neutral affect. 
Subjects were informed that they would be presented with faces with positive, negative or 
neutral facial affect, preceded by spoken words. Their instruction was to evaluate the fa-
cial affect as quickly and accurately as possible (see Fig. 1). Responses and response la-
tencies were registered in the scanner, by means of three reaction buttons (+, -, 0). 
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Figure 1: Examples of the three types of prime for each target. Emotionally congruent trials con-
sisted of either a positive word with a positive face, or of a negative word with a negative face. 
Emotionally incongruent trials consisted of a negative word with a positive face, a positive word 
with a negative face. Control trials consisted of a neutral word with a positive or a negative faces. 
Trials for the determination of the prime effect consisted of either a positive, negative or neutral 
word with a neutral face. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Each target was presented for 1000 ms, with a Stimulus Onset Asynchrony (SOA) of 900 
ms to the prime onset, to ensure that the spoken adjectives were fully understood (Zwit-
serlood 1996). Each sad, happy and neutral prime word was combined with each facial 
expression (sad, happy, and neutral) in random order during the experiment. There were a 
total of 90 trials, and each trial lasted 10 seconds. Total duration of the experiment in the 
scanner was therefore 15 minutes. Before subjects were scanned they were familiarized 
with the affective priming task. In a practice session in a quiet room close to the scanner, 
five faces were presented as targets which were different from those used in the main 
experiment. 
The experiment was run with Presentation Software (Neurobehavioral Systems Inc., Al-
bany, California, USA). Auditory stimulation was administered binaurally via pneumatic 
headphones (tube and headphones were acoustically shielded to reduce outside and gradi-
Sad neutral happy
Prime conditions:
congruent gloomy
incongruent jovial
congruent jovial
incongruent gloomy
Target conditions:
sad
Decision of emotional expression:
happy
positive   jovial
negative gloomy
neutral green
neutral
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ent noise). The hearing threshold of all subjects was determined within the magnet, and 
each subject was stimulated with a sound-pressure level of 85dB above the individual 
hearing threshold. The pictures of the faces were projected onto a screen positioned at the 
end of the scanner bed. 
 
fMRI data acquisition 
 
MRI data were acquired in a 3 Tesla whole-body scanner (Intera T30, Philips, Best, NL) 
equipped with master gradients (nominal gradient strength 30 mT/m, maximal slew rate 
150 mT/m/ms). A circularly polarized transmit/receive birdcage head coil with a HF re-
flecting screen at the cranial end was used for spin excitation and resonance signal acqui-
sition. 36 T1-weighted anatomical spin-echo images (TR = 480 ms, TE = 15 ms, flip an-
gle 90o, matrix dimensions: 256 X 256 and field of view (FOV) = 210 mm, slice thick-
ness 3.6 mm) were acquired before the fMRI data sets. For each subject, 180 functional 
image volumes, two per trial, were acquired using a single shot echo-planar (EPI) se-
quence (whole brain coverage, TE = 35 ms, TR = 3000 ms, flip angle 90o, slice thickness 
3.6 mm without gap, matrix 64 X 64, FOV 230 mm, in-plane resolution 3.6 X 3.6 mm).  
4.3 Data analysis 
fMRI data analysis 
Image processing and statistical analysis of the fMRI images was done by SPM2 standard 
routines and templates (www.fil.ion.ucl.ac.uk/spm). After pre-processing the data, indi-
vidual data analysis was performed using SPM2. Images were realigned, normalized and 
resliced to a voxel size of 2x2x2 mm 3, and smoothed with an 8 mm kernel. Data were 
then filtered with a high-pass filter (cut-off period of 128 s). 
 
Table 1: Experimental conditions and analyzed contrasts within all subjects (n = 20). pos = posi-
tive, neg = negative, neut = neutral.  
Contrasts for determination 
of the congruence effect 
for happy target for sad target 
Congruent vs. incongruent Pos pos versus neg pos Neg neg versus pos neg 
Congruent vs. neutral Pos pos versus neut pos Neg neg versus neut neg 
Incongruent vs. neutral Neg pos versus neut pos Pos Neg versus neut neg 
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Our experimental conditions, the congruent (happy word/happy face, sad word/sad face), 
the incongruent (sad word/happy face, happy word/sad face) and the neutral conditions 
(neutral word/happy face, neutral word/sad face) (see Table 1) were the basis for our 
analysis to determine the influence of Congruency and of Target Valence. In an addi-
tional analysis, Prime Valence was assessed with neutral face stimuli. If our hypothesis of 
an overall difference between positive and negative primes is correct, we should observe 
increased cerebral activity in the regions of interest for negative compared to positive 
prime words. 
To obtain activation maps across subjects, the functional data were combined in a ran-
dom-effects analysis to identify activated brain areas (uncorrected for multiple compari-
sons, p < 0.005, extent threshold/ minimum cluster size k = 10 voxels, one sample t-
tests). A random-effects model takes into account between-subject variability and allows 
more generalized inferences from the data than a fixed-effects analysis. Anatomical local-
ization of activated brain regions was determined by reference to the standard stereotactic 
atlas by (Talairach and Tournoux 1988).  
 
Activation intensities 
 
An a priori regionally directed strategy was employed to select brain areas of interest. We 
included those brain regions which were shown to be consistently activated in previous 
functional neuroimaging studies of affective priming within one modality (Egner and 
Hirsch 2005; Etkin et al. 2006; Haas et al. 2006; Koutstaal et al. 2001): the anterior cin-
gulated (ACC; BA 24), the amygdala, the fusiform / fusiform-parahippocampal area (BA 
37), the precuneus (BA 31), posterior cingulate (BA 30) and also the mediodorsal nucleus 
of the thalamus, (Egner and Hirsch 2005). 
To assess activation intensities, the following procedure was used. First, activation 
maxima of the chosen activated areas were determined. Next, regions of interest (ROIs) 
were determined for each subject, by defining a sphere with a radius of 4 mm around 
these activation maxima. For an approximate anatomic localization, activated areas were 
superimposed onto anatomical images. For each subject, the BOLD-signal intensity (de-
fined by the corresponding weighted ß-values) within each sphere was measured. Differ-
ences in mean percentage of signal change in activated areas were assessed with analysis 
of variance and t-tests corrected for multiple testing, depending on the normal distribution 
of the values. 
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Statistical analysis 
 
Dependent variables for the behavioural analysis were mean reaction times and error 
rates. Mean reaction times were normally distributed. Mean response latencies and error 
rates were analyzed in 2 × 3 ANOVAs, with the factors Target Valence (happy, sad tar-
get) and Congruence (congruent, incongruent, neutral prime).  
In order to assess changes of BOLD signals, a 6 × 2 × 3 ANOVA was conducted on the 
cerebral activation intensities of the a priori defined areas with the factors brain area (me-
dialdorsal thalamus, fusiform gyrus, amygdala, precuneus, posterior and anterior cingu-
late), Valence (happy versus sad faces), and Congruence (congruent, incongruent and 
neutral word). Posthoc 2 × 3 ANOVAs with the factors Target Valence (happy, sad tar-
get) and Congruence (congruent, incongruent, neutral priming word) on mean activation 
intensities in the regions of interest were conducted. Data were considered to be signifi-
cant at a level of p < 0.05, Greenhouse-Geisser correction. Bonferroni-corrected t-tests 
for paired comparisons were performed for post-hoc contrasts. Correlation of activation 
intensities with reaction times were performed with Pearson correlation. All statistical 
analyses were performed with the Statistical Package for Social Science (SPSS) V 14.0 
(SPSS Inc, Chicago, IL).  
 
4.4 Results 
Behavioural data 
 
The ANOVA on mean reaction times, with the factors Target Valence (sad, happy target) 
and Congruence (sad, happy, neutral word), showed only a main effect of Target Valence 
(F (1,19)= -64.22, p<.0001). Happy faces were recognized significantly faster than sad 
faces (241 ms). In contrast to this valence effect, the differences between congruent and 
incongruent conditions, ranging from 10 to 30 ms, all in the expected direction, were not 
significant. There was a trend of a Congruence effect: positive primes preceding neutral 
face stimuli were associated with faster responses than negative primes (58 ms), and neu-
tral primes (39 ms). The 2 × 3 ANOVA on error rates, again with the factors Target Va-
lence and Congruence, revealed significant differences in accuracy for the Target  Va-
lence factor (F (2,18)= 38.78, p<.001). The error rate for sad faces (26%) was signifi-
cantly higher than for neutral faces (19,6%), and both reliably differed from the error rate 
for happy faces (4%).  
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Functional MRI 
 
Table 1 presents the contrasts analysed in order to determine congruency effects for deci-
sions on happy and sad faces. We compared the congruent condition (happy word/happy 
face, sad word/sad face) both with the incongruent condition (sad word/happy face, 
happy word/sad face) and with the neutral condition (neutral word/ happy face, neutral 
word/sad face).  
The significant contrasts in the random-effects analysis on cerebral activations are pre-
sented in Table 2.  
 
Table 2: Main regions of cerebral activation for the significant contrasts in the random effect 
analysis (uncorr. p < .005, threshold 10 voxels; pos = positive, neg = negative, neut = neutral).  
Experimental condi-
tion 
Region Brodmann’s 
Area 
 
Talairach Coor-
dinates (mm)  
x y z 
Neut neg > pos neg Left, medial dorsal thalamus 
Left, lingual gyrus 
 
BA 19 
-6  -24  10 
-8  -64  -4 
Neut pos > pos pos Right, cingulate gyrus 
Left, medial dorsal thalamus 
BA 31 22   -38   40 
-8   -24   10 
Neut pos > neg pos Left, thalamus 
Right, precuneus 
Right, posterior cingulate 
 
BA 31 
BA 31 
-6  -22  6 
14  -58  26 
14  -52  20 
 
Robust activation increase was found for neutral primes relative to happy and sad primes 
for the left medial dorsal thalamus, left and right cingulate gyrus (BA 31) and left lingual 
gyrus (BA 19) (see Table 2, also Fig 2). 
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Figure 2: Exemplary typical cerebral activation patterns for two contrasts (sad word/happy face > 
happy word/happy face), and (sad word/sad face > happy word/sad face) (p= 0.005 uncorrected, 
10 pixels).  
 
 
 
 
 
Analysis of activation intensities: main effects and interactions 
 
A 6 × 2× 3 ANOVA was conducted on the cerebral activation intensities of the a priori 
defined areas with the factors Brain area (medial dorsal thalamus, fusiform gyrus, amyg-
dala, precuneus, posterior and anterior cingulate), Valence (happy versus sad faces), and 
Congruence (congruent, incongruent and neutral word). There were a significant main 
effect of Brain area (p = 0.044), Congruence (p = 0.003), and significant interactions be-
tween Brain area and Valence, Brain area and Congruence, Brain area, Valence and Con-
gruence (all p < 0.04). Posthoc tests for each ROI revealed discriminative activation due 
to emotional Congruence of prime and target, or significant interactions of Target Va-
lence and Congruence. The ANOVA on activation intensities of the bilateral thalamus, 
fusiform gyrus, anterior and posterior cingulate showed a significant main Congruence 
effect, The ANOVA on the activation intensities of the bilateral amygdala revealed sig-
nificant effects of Target Valence, and an interaction of Congruence and Target Valence 
(see Table 3). The interaction of Target Valence and Congruence was significant in the 
ANOVAs on the activation intensities of bilateral medial dorsal thalamus, precuneus, 
fusiform gyrus (BA 37) and amygdala (BA 30) (see Table 3). The interactions between 
Target Valence and Congruence indicate that the prime congruence effects are different 
for happy and sad faces. 
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Table 3: Analysis of activation intensities: ANOVAs (Greenhouse-Geisser corrected) with with-
in-group factors: valence (sad vs. happy face) and incongruence (happy, sad, neutral prime word) 
were conducted on the activation intensities for the ROIs. (* p < 0.05; ** p < 0.01) 
    significant effects: 
Brain areas  Congruence Valence   Interaction  
between valence 
  and  congruence 
medial dorsal thalamus F(2, 17) = 5.88, 
p = 0.009** 
 F(2, 17) = 7.55,          
   p =  0.004** 
posterior cingulate (BA 30) F(2, 18) = 5.45, 
p = 0.023* 
  
precuneus (BA 31) 
  
F(2, 15) = 7.65, 
p = 0.008** 
ACC (BA 24) F(2, 15) = 6.57, 
p = 0.018* 
  
amygdala 
 
F(2, 15) = 6.76, 
p = 0.004** 
F(2,15) = 9.23, 
p = 0.007** 
fusiform gyrus (BA 37) F(2, 17) = 4.79, 
p = 0.022* 
 
 F(2, 17) = 5.34, 
p = 0.02* 
 
 
Congruency effects for happy faces 
 
Bonferroni-corrected paired post-hoc tests revealed effects of Congruency for happy 
faces.  Relative to congruent (happy) primes, incongruent (sad) primes were accompanied 
by a significant BOLD signal increase in the bilateral medial dorsal thalamus, posterior 
cingulate (BA 30), anterior cingulate (BA 24), precuneus (BA 31), amygdala and fusi-
form gyrus (BA 37) (all p < 0.019). There was also increased BOLD signal activity when 
comparing neutral and congruent primes in the bilateral posterior (BA 30) and anterior 
cingulated cortex (BA 24), precuneus (BA 31), amygdala and fusiform gyrus (BA 37) (all 
p < 0.041). Finally, neutral primes induced an increased BOLD signal intensity in bilat-
eral amygdala (p < 0.037), when compared to incongruent primes. Thus, for most regions 
of interest, for happy faces, congruent and incongruent primes produced facilitation, rela-
– 59 – 
tive to neutral primes, whereas congruent primes produced more facilitation than incon-
gruent and thus less activation intensities (for example see Fig.3). 
 
Figure 3: Bilateral activation intensities in the thalamus (left) and the ACC (right) in arbitrary 
units: Differences in the BOLD signal response intensity between conditions with sad and happy, 
neutral and happy, neutral and sad primes are presented for happy and sad faces. The largest acti-
vation differences could be observed between happy primes and sad respective neutral primes for 
conditions with happy as well as with sad faces.  
 
 
 
 
 
 
 
 
 
 
Congruency effects for sad faces 
 
In contrast to happy faces, congruent (sad) primes were associated with an increase in 
BOLD signal, relative to incongruent (happy) primes, in the bilateral posterior cingulate 
(BA 30), precuneus (BA 31) and medial dorsal thalamus (all p < 0.046). Overall, incon-
gruent (happy) primes produced facilitation relative to neutral primes and relative to the 
congruent (sad) primes in most regions of interest (see Fig.3a, b). As with happy faces, 
increased signal activity was found when comparing neutral and incongruent primes, in 
the bilateral amygdala, posterior cingulated (BA 31), medial dorsal thalamus and precu-
neus (BA 31) (all p < 0.04).  
The above data already indicate that the emotional valence of the prime modulates the 
direction of congruency effects. For happy faces, incongruent (sad) primes are associated 
with an increased BOLD signal, for sad faces, congruent (thus, also sad) primes show 
increased BOLD activity. These effects were already visible in the interactions between 
Congruence and Target valence. 
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Prime effect for neutral faces 
 
To verify and corroborate these overall interference effects due to negative compared to 
positive primes, cerebral activation intensities were compared when sad, happy and neu-
tral primes preceded neutral faces. Relative to negative primes, positive primes resulted 
in a significant decrease in BOLD signal in the bilateral precuneus (BA 31), posterior 
cingulated cortex (BA 30) and medial dorsal thalamus (all p < 0.031). Similarly, com-
pared to neutral primes, happy primes were accompanied by a significantly decreased 
BOLD signal in the bilateral medial dorsal thalamus, amygdala, fusiform gyrus (BA 37) 
and anterior cingulum (BA 24) (all p < 0.045). Finally, as observed with sad and happy 
faces, happy primes led to a significant decrease of BOLD signal in the bilateral precu-
neus (BA 31), posterior cingulated cortex (BA 30) and medial dorsal thalamus relative to 
sad primes (all p < 0.031). Negative primes led to a significant decrease of BOLD signal 
in amygdala, relative to neutral primes. Together with the data for happy and sad faces, 
these results clearly show that the valence of the prime produced significant differences 
in the cerebral activation.  Positive primes led to facilitation compared to neutral and 
negative primes. Despite of the similar trend to faster reaction latencies for happy primes, 
there was no linear correlation between mean reaction times and the mean cerebral acti-
vation intensities.  
 
4.5 Discussion 
This fMRI study on affective priming is the first to contrast effects of affective congru-
ency between prime and target with effects due to the specific valence of the prime. We 
employed a balanced cross-modal emotional priming task, with spoken affective words 
(happy, sad, neutral) followed by happy, sad or neutral facial stimuli. To assess congru-
ence effects, we compared congruent, incongruent and neutral prime conditions for happy 
and sad face targets.  
The data can be summarised as follows. The behavioural data revealed that happy faces 
were identified much faster and more correctly than sad and neutral faces. Clearly, these 
are decision effects, due to the confusability between sad and neutral faces. The high er-
ror rates for sad and neutral faces can be explained by the similarity between the sad 
faces and the grave, unsmiling, neutral faces from the standardized series of facial ex-
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pressions (Ekman and Friesen, 1978), the different experimental surrounding (MR - 
scanner) and probably also by our crossmodal design. 
No reliable effects of congruency were found, but only trends. There was an interesting 
trend towards an effect of prime valence, with sad primes slowing down responses to 
targets, relative to happy (58 ms) and neutral (39 ms) primes. Our data indicate that in our 
crossmodal des effects of prime valence seem to modulate congruency effects. This as-
sumption was supported by our fMRI BOLD data.  
The fMRI data showed no effect of target valence, which is consistent with the view that 
the BOLD response probably reflects earlier stages of prime and target processing in 
combination with decision processes. We observed main effects of congruence in many 
areas, but also interactions of congruence and target valence. First, an effect of prime 
valence was evident in that happy and sad primes led to a decrease of the BOLD signal in 
the regions of interest, relative to neutral primes (see Table 2, Fig.3a). Next, whereas 
happy face stimuli revealed the expected congruency effect, sad faces did not. Whereas 
happy faces showed BOLD-signal increases ordered from happy (congruent) to sad (in-
congruent) to neutral primes, this was reversed for sad faces. Here, the ordering was simi-
lar: from happy (incongruent) to sad (congruent) to neutral. Thus, relative to happy 
primes, sad primes always led to a significant increase of the BOLD signal in the regions 
of interest (fig. 3). This effect was independent of the valence of the target, and this ex-
plains the interactions between congruency and target valence observed in many relevant 
areas (bilateral thalamus, amygdala, fusiform gyrus, precuneus, anterior and posterior 
cingulate). These prime valence effects were corroborated by an analysis of the neutral 
face stimuli. Here also, happy primes led to a significant BOLD signal decrease, that is, 
to facilitation, relative to neutral and sad primes. (see fig. 3) 
The data just summarized contradict our first hypothesis of a general activation decrease 
in congruent conditions. In line with our second prediction, however, negative primes 
(sad words) preceding happy and sad faces led to a significant increase of the BOLD sig-
nal in the regions of interest, relative to positive primes (see Fig. 3). Additional analyses 
on data for the  neutral face targets (see Fig. 3), revealed that negative primes (sad words) 
led to a significant increase of the BOLD signal relative to positive primes in the bilateral 
thalamus, precuneus (BA31) and posterior cingulate (BA30). In contrast, happy primes 
led to a significant BOLD signal decrease relative to neutral primes in the bilateral thala-
mus, ACC (BA 24) (fig. 3), fusiform gyrus (BA 37) and amygdala. Clearly then, inde-
pendent of the valence of the target face, happy primes lead to facilitation relative to sad 
primes. It seems that negative stimuli have a higher attentional demand than positive 
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ones, which can delay subsequent processes. This is consistent with other recent behav-
ioural studies within one modality that assessed the difference between positive and nega-
tive primes (Kolanczyk and Pawlowska-Fusiara 2002; Stenberg et al. 1998; Suslow et al. 
2001).. 
An explanation for negative effect of sad primes, or the positive effect of happy primes, 
could be that negative stimuli in a crossmodal setting occupy cognitive resources for a 
longer time and to a greater extent, as, more generally, negative events seem to be sub-
jected to more elaborate and protracted processing than positive ones (Taylor 1991). In-
voluntary processing invoked by background stimuli occurs to a greater extent if the 
stimuli are negative (Pratto and John 1991; White 1996). An explanation for the facilita-
tion effects, relative to neutral prime words, of happy and sad primes could be that neutral 
primes have less predictive emotional value than happy or sad primes for processing of 
following emotional stimuli. It is also feasible that neutral primes induced evaluation 
processes that had nothing in common with affective aspects of stimuli, and therefore 
produced confusion. The processing and evaluation of neutral affective information thus 
seems to require more cognitive resources and capacities than positive or negative infor-
mation. In the absence of distinct emotional cues and possibly due to their ambiguity, 
neutral stimuli seem to require a more elaborate, costly and precise evaluation process. 
This is supported by recent data showing that different cerebral processes are involved in 
processing ambiguous facial expressions than in unambiguous expressions (Rauch et al. 
2007).  
In accordance with other studies employing a affective priming paradigm, we found evi-
dence for a complex neural circuitry comprising the cingulated cortex (ACC and poste-
rior cingulated), hippocampal areas, fusiform gyrus, amygdala and precuneus, all sensi-
tive to emotional valence and (in)congruence of emotional events. In earlier neuroimag-
ing studies on uni-modal affective priming, the anterior and posterior cingulate (Vogt, 
1992) and amygdala (Etkin, 2006) also showed strong activation in resolving emotional 
conflict. Complementary to affective priming studies within one modality and in line with 
our third hypotheses, our study involving two modalities provides evidence for substan-
tial activation of the thalamus, which is rarely reported in unimodal affective priming 
studies. 
We believe that the activation of medialdorsal thalamus is in part due to attention shifts. 
Moreover, the thalamus is also known to be important for sensory integration (Baier et al. 
2006). Thus, its activations most likely also reflect its role in streamlining the parallel 
visual and acoustic input. Our results also suggest that facilitation occurred when integra-
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tion is expected, and interference when the stimuli in the two modalities compete. Be-
cause thalamic structures were more active when senses needed to operate separately, the 
role of thalamic structures can be interpreted as gatekeeper in early cross-modal interac-
tions. This  interpretation of the strong activation of the thalamus in terms of its gate-
keeper function in early cross-modal interactions (Burton et al. 2005) is supported by 
recent findings of Baier et al. (Baier et al. 2006). The authors reported that concurrently 
presented auditory and visual stimuli are associated with enhanced neural activity in the 
thalamic structures, relative to stimuli presented within one modality. 
One of the interesting questions arising from this study is the characterization of the in-
fluence of modality shifts on neuronal processes. When presenting emotional incongruent 
stimuli in two modalities within a priming experiment, did enhanced neural activity exist 
due to the parallel presence of both sensory systems, or related in particular to the task-
relevant modality? Further studies with auditory-visual and visual-auditory prime-target 
presentation may shed light on this question.  
The strength of our study lies in the crossmodal paradigm and the balanced design, which 
can provide precise information on the nature and causes of the affective priming effect. 
We showed that affective congruency between primes and targets is modulated and 
sometimes overruled by strong effects of the affective valence of the spoken prime 
words. Our study with healthy subjects can also provide a baseline for investigation of 
such processes in psychiatric (depressed or schizophrenic) patients. If discrepancies in 
activation patterns between different populations are due to the specific character of the 
psychiatric illness, our knowledge about these illnesses and their neural substrates can 
advance. 
 
Conclusions 
In sum, the present study affirmed that happy primes relative to negative and neutral 
primes in a cross-modal priming design produced facilitation for subsequent affective 
processing. The facilitation due to positive valence of the prime is stronger than facilita-
tion due to congruency between prime and target. Affective primes produced facilitation 
compared to neutral primes, consistent with literature suggesting facilitation of perform-
ance by affective content. Our results also indicate that the thalamus acts as a gatekeeper 
in early cross-modal interactions, in particular in cases of emotional conflict. 
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5 Fourth study: Partial normalization of altered neural response to 
affective facial affect in severely depressed patients after electro-
convulsive therapy 
5.1 Introduction 
Numerous neuroimaging and neuropathological studies have concluded that cognitive 
deficits often accompany clinical depression (Drevets 2001; Liotti and Mayberg 2001; 
Ravnkilde et al. 2003; Ravnkilde et al. 2002). A fundamental neuropsychological im-
pairment in depression is a mood-congruent processing bias, such that negative stimuli 
were better processed and responded to faster, required more cognitive capacities than 
processing of positive or neutral stimuli  (Gotlib et al. 2004; Mathews et al. 1996). Also, 
ambiguous and positive events tend to be perceived as negative (Teasdale 1983; Watkins 
et al. 2000; Watkins et al. 1996). In particular, related to the diminished ability of de-
pressed patients to discern affective faces (Bouhuys et al. 1999; Gur et al. 1992; Suslow 
et al. 2001), an increased cerebral activation was observed for sad faces in the amygdala 
and the gyrus fusiformis (Sheline et al. 2001; Surguladze et al. 2005), thalamus, precu-
neus, anterior and posterior cingulate (Fu et al., 2004). All these regions are known to 
modulate affect and mood states. In accordance with these results, Beauregard et al. 
(Beauregard et al. 2006) showed that depressed patients needed more effort to suppress 
sad emotions.  
In accordance to this, the schema and network theories predict an automatic processing 
bias for negative information in depressed patients (Beck 1967; Bower 1981) as an ex-
planation for the etiology and maintenance of depression. They assume a tonic activation 
of negative concepts or schemata that operate during all aspects of cognition. Recent stu-
dies with the aim of investigating this automatic bias used an emotional priming task. 
Priming paradigms consist of the presentation of a prime stimulus immediately followed 
by the presentation of a probe stimulus. Facilitation is said to occur when the presentation 
of the prime facilitates or speeds up response to the probe in relation to a nonprime or a 
neutral prime control trial. Inhibition is said to occur when presentation of the prime im-
pairs or slows down response to the probe in relation to the control trial. For depressed 
patients, the results of emotional priming task showed significant facilitation effects on 
the speed and the rate of endorsement of negative adjectives when these were preceded 
by negative emotional primes (Power, 1996). These results were replicated by Dannlows-
ki (2006) in a subliminally visual emotional priming task. Koschack et al. (2003) (Ko-
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schack et al. 2003) showed that subjects with acute depression did not jugde neutral target 
as significantly more unpleasent when negative emotional primes were presented as 
primes relative to healthy and partially remitted patients.  
About the neurological correlates of these differential impairments of facial affect prim-
ing in subjects with acute or partially remitted major depression still little is known, even 
though neural abnormalities during complex cognitive generation of affect were noted for 
depressed subjects (Kumari, 2003).  
Positive effects of antidepressant medication (serotonine or serotonine/noradrenaline 
reuptake inhibitors) on cognitive impairments and abnormal neuronal response to facial 
affect have been reported (Vythilingam et al. 2004; Zobel et al. 2004). Electroconvulsive 
therapy (ECT) is a highly effective biological therapeutic intervention for drug resistant 
depressed patients (Rabheru and Persad 1997; Tew et al. 1999) and in subjects who are 
sensitive to the toxic effects of medication (Sackheim et al. 2001).  But the effect of the 
antidepressant electroconvulsive therapy (ECT) on cognitive impairments and abnormal 
neuronal response to facial affect is unknown.  
On the background of these results, we investigated the identification of facial affect with 
fMRI in a cross-modal emotional priming task (acoustic emotional words followed by 
visual sad, happy and neutral facial stimuli) in depressed patients before and after ECT. 
Three hypotheses were tested. 
Firstly, based on studies employing emotional priming task, we expected that patients 
take longer to evaluate target pictures relative to controls, particularly when targets were 
preceded by negative emotional prime words. 
Second, based on results of neuroimaging studies showing abnormalities for depressed 
subjects in facial affect processing (Cynthia et al. 2004; Fu et al. 2004; Kumari et al. 
2003; Mayberg et al. 1997; Yurgelun-Todd et al. 2000), we predict  for patients before 
and also after electroconvulsive therapy deviant affective priming patterns in BOLD sig-
nal intensities in the regions of interest. This differential impairment of the affect priming 
will consist in enhanced neural activation to faces preceded by negative relative to happy 
and neutral primes in the regions of interest.  
Therefore electroconvulsive therapy (ECT) is a highly effective biological therapeutic 
intervention for drug resistant patients (Rabheru and Persad 1997; Tew et al. 1999), third, 
we expected in line with (Davidson et al. 2003; Sheline et al. 2001), who showed a re-
mediation of the decreased response in the regions of interest after antidepressive medica-
tion treatment, an partial normalisation of the neural response of the regions of interest 
and of the behavioral response pattern compared to controls after ECT -. 
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5.2 Methods 
Subjects 
 
20 severely depressed, drug therapy resistant, acutely symptomatic patients were matched 
in age (patients 42.5 ± 11.2, controls 46.8 ± 11.2 years), sex (each 10 females, 10 males), 
level of education (patients 15.5 ± 2.3, comtrols 14.5 ± 2.2 years of education) and marit-
al status with 20 healthy volunteers. The study was approved by the Ethics Committee of 
the University of Münster, Germany. All participants provided written, informed consent. 
They were right-handed (Edinburgh Inventory: (Oldfield 1971)) and native German 
speakers. Exclusion criteria for controls were a history of psychiatric, neurological and 
somatic disorder.  
Patients were hospitalized to the Mood Disorders Unit, Department of Psychiatry, Uni-
versity Münster, with a major depressive episode (17 patients unipolar and 3 patients bi-
polar II) diagnosed according to the Structured Clinical Interview for DSM-IV Axis I 
Disorders (SCID) (Wittchen et al. 1997). They had a score of at least 25 on the 21-item 
Hamilton Rating Scale for Depression (HRSD) (Hamilton 1960) and of 20 on the Mont-
gomery Asberg Depression Scale (MADRS) (Montgomery and Asberg 1979). Response 
was defined as decrease in Hamilton depression scores of >60%, patients with a decrease 
of 30- 60% were seen as low responders. Exclusion criteria were a history of schizophre-
nia, schizoaffective disorder, and anxiety disorder, a history of substance abuse, personal-
ity disorder, dementia, and neurological illness. Antidepressants, anticonvulsants, and 
lithium were discontinued before first ECT (see Table 1). Benzodiazepine doses were 
tapered before first ECT to a maximum of 4 mg per day of lorazepame (but not within 12 
h prior to ECT). Participants did not receive naturalistic therapy with antidepressant me-
dications before the 6th ECT. The therapy with antidepressant medication was monitored 
during the three weeks after ECT by the ECT team (for details see Table 2), that gave a 
recommendation for post-ECT antidepressant prophylaxis. Clinical characteristics of pa-
tients and details of the medication during the course of the ECT treatment are summa-
rized in Tables 1, 2. 
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Table 1: Clinical features of the patient population.  
 all patients 
(n=20) 
mean ± SD 
duration of illness (years) 10.3 ± 11.7 
age at first episode 36.7 ± 14 
number of depressive episodes 3.4 ± 2.7 
duration of present episode (months) 26.4 ± 20.3 
number of suicide attempts 0.8  ± 0.4 
HAMD prior to ECT  39.6 ± 7.1 
HAMD after ECT 16.1 ± 8.2 
Response HAMD  9/20 (45%) 
MADRS prior to ECT 45  ± 7.7 
MADRS after ECT 21.3 ± 8.2 
Wash-out period (days) prior to ECT 
(mean, SD) 
1.8 ± 1.6 
Washed-out patients 14/20 (70%) 
number of ECTs  11.7 ± 4.8 
duration of seizures (sec) during ECT 
series 
524.7 ± 215.8 
duration at last convulsion (sec) 44.8 ± 15.7 
stimulation at last ECT (mC) 423.2 ± 236.3 
* HAMD = Hamilton-21 item score for depression; MADRS = Montgomery Asberg Depression scale; 
ECT = electroconvulsive therapy; sec = seconds; mC = Coulomb 
 
Table 2: Details of medication among study sample during the course of ECT treatment  
 Medication at the first experi-
ment prior to ECT  
all patients (n=20) 
Medication at the second experi-
ment after ECT  
all patients (n=20) 
 Antidepressant, n (%)   4 (20 %) 20 (100 %) 
 Mood stabilizer, n (%) 1 (5 %) 4 (20 %) 
 Lithium, n (%)  0  5 (25 %) 
          Benzodiazepine, n (%)                     8 (40 %) 2 (10 %) 
 Neuroleptics, n (%)    7 (35 %) 11(55 %)  
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ECT parameters 
During ECT, anesthesia was provided with methohexital (1 mg/kg intravenously) and 
muscle relaxation was achieved with succinylcholine (1 mg/kg intravenously). Patients 
received positive pressure ventilation at 20 breaths per minute from anesthetic adminis-
tration until resumption of spontaneous respiration. The unilateral electrode placement 
followed the d’Elia position. Seizure duration was monitored clinically in a cuffed upper 
limb and by the electroencephalogram (EEG) included in the ECT device. Stimulus in-
tensity was further increased by one level if seizure duration fell below 25s on the EEG 
recording during the ECT series. A therapy schedule of 2-3 ECTs weekly was chosen. 
The total number of therapys (3 to 21) was determined by the ECT team, which was blind 
for the purpose of the study. ECT was applied using a customized brief-pulse device 
(Thymatron IV, Lake Bluff, IL, USA), starting with stimulus titration in the first session 
and continuing with the 2.5-fold stimulus dose (unilateral therapy) or 2-fold stimulus 
dose (bilateral therapy). All patients were first stimulated unilaterally; two of them re-
quired further therapies elicited by bitemporal stimulations due to insufficient response. 
A mean of 11.7 ± 4.8 ECT treatments was needed for all patients. Nine patients respond-
ed to ECT therapy (HAMD = 9.4 ± 3.4), 11 showed a partial response (HAMD = 21.5 ± 
6.7). 
 
Design and procedure: emotional crossmodal priming paradigm 
 
To examine the complex processes correlated with the experience of emotions, affective 
stimuli were presented in two modalities: auditory and visual. Subjects heard emotional 
words as primes followed by emotional facial stimuli. The acoustic and visual stimuli had 
three valences (sad, happy and neutral). Primes consisted of thirty adjectives: 10 sad, 10 
happy, 10 neutral, which did not differ in word length (6 to 10 letters) or word frequency 
according to (Celex 1995). Primes were selected on the basis of their ratings on positive-
negative bipolar scales in previous studies (Barnhofer 2002). Grayscale photographs of 
ten faces (5 male, 5 female) were chosen from a standardized series of facial expressions 
representing sadness, happiness or neutral status (Ekman and Friesen 1976). Subjects 
were informed that they would be presented with faces with either positive, negative or 
neutral facial affects which were preceded by words. The instruction was to evaluate the 
facial affect as quickly and accurately as possible. (Fig. 1 a). Response latencies and error 
rates were recorded by pressing one of three buttons (+, -, 0) in the scanner.  
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Figure 1: Examples of the three types of prime for each target. Emotionally congruent trials con-
sisted of either a positive word with a positive face, or of a negative word with a negative face. 
Emotionally incongruent trials consisted of a negative word with a positive face, a positive word 
with a negative face. Control trials consisted of a neutral word with a positive or a negative faces. 
Trials for the determination of the prime effect consisted of either a positive, negative or neutral 
word with a neutral face. 
 
 
A target face was presented for 1000 ms with a SOA (Stimulus Onset Asynchrony) of 
900 ms to the prime word onset, to ensure that the adjective was fully understood (Zwit-
serlood 1996). Each sad, happy and neutral priming word was combined with each facial 
expression (sad, happy, and neutral) in random order during the experiment. There was a 
total of 90 trials. Each trial lasted 10 seconds. Total duration of the experiment in the 
scanner was therefore 15 minutes. Images were acquired only during the affect decision 
process. Before subjects were scanned, they participated in an experimental testing ses-
sion in a quiet room close to the scanner to become familiar with the affective priming 
task. This testing session included five faces as targets which were different from those 
used in the main experiment. 
 
 
Sad              neutral                  happy 
Prime conditions: 
 
congruent gloomy 
incongruent jovial 
neutral green 
 
Target conditions: 
 
sad 
 
Decision of emotional expressi-
happy 
positive jovial 
negative gloomy 
neutral green 
neutral 
 
congruent jovial 
incongruent gloomy 
neutral green 
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The experiment was run with Presentation Software (Neurobehavioral Systems Inc., Al-
bany, California, USA). Auditory stimulation was administered binaurally via pneumatic 
headphones (tube and headphones were acoustically shielded to reduce outside and gra-
dient noise).The hearing threshold of all subjects was determined within the magnet, and 
each subject was stimulated with a sound-pressure level of 85 dB above the individual 
hearing threshold. The pictures of the faces were projected onto a screen at the end of the 
scanner bed. The experiment was repeated for patients after the ECT therapy, which took 
on average a period of 8 weeks. For healthy participants it was repeated after the same 
period of time. To assess memory impairment due to the impact of ECT therapy three of 
the old 10 faces were replaced by new faces and both, patients and healthy participants 
were requested to identify the old and new faces.  
 
fMRI data acquisition 
 
MRI data were acquired in a 3 Tesla whole body scanner (Intera T30, Philips, Best, NL) 
equipped with master gradients (nominal gradient strength 30 mT/m, maximal slew rate 
150 mT/m/ms). A circularly polarized transmit/receive birdcage head coil with a HF re-
flecting screen at the cranial end was used for spin excitation and resonance signal acqui-
sition. 36 T1-weighted anatomical spin-echo images (TR =480 ms, TE = 15 ms, flip an-
gle 90o, matrix dimensions: 256 X 256 and field of view (FOV) = 210 mm, slice thick-
ness 3.6 mm) were acquired before the fMRI data sets. For each subject, 180 functional 
image volumes, two image volumes pro trial, were acquired using a single shot echo-
planar (EPI) sequence (whole brain coverage, TE = 35 ms, TR = 3000 ms, flip angle 90o, 
slice thickness 3.6 mm without gap, matrix 64 X 64, FOV 230 mm, in-plane resolution 
3.6 X 3.6 mm).  
5.3 Data analysis 
fMRI data analysis 
 
Image processing and statistical analysis of the fMRI images was done by SPM2 standard 
routines and templates (www.fil.ion.ucl.ac.uk/spm). After pre-processing the data, indi-
vidual data analysis was performed using SPM2. Images were realigned, normalized and 
resliced to a voxel size of 2x2x2 mm 3, and smoothed with an 8 mm kernel. Data were 
then filtered with a high-pass filter (cut-off period of 128 s). 
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To obtain activation maps across subjects, the functional data were combined in a ran-
dom-effects analysis to identify activated brain areas (uncorrected for multiple compari-
sons, p < 0.005, extent threshold/ minimum cluster size k = 10 voxels, one sample t-
tests). A random-effects model takes into account between-subject variability and allows 
more generalized inferences from the data than a fixed-effects analysis. Contrasts that 
were found to be significant in the random-effect analysis (see Table 4) constituted the 
basis for further hypothesis-directed analysis with the activation intensities in the acti-
vated areas. Anatomical localization of activated brain regions was determined by refer-
ence to the standard stereotactic atlas by (Talairach and Tournoux 1988). Six conditions 
and the comparison between congruent, incongruent and neutral conditions (see Table 3) 
were the basis for our analysis.  
 
Table 3: Experimental conditions and analyzed contrasts in order to determine emotional valence 
and congruence effects within all subjects (n = 40). pos = positive, neg = negative, neut = neutral.  
Contrasts for determination 
of the congruence effect 
for happy target for sad target 
Congruent vs. incongruent Pos pos versus neg pos Neg neg versus pos neg 
Congruent vs. neutral Pos pos versus neut pos Neg neg versus neut neg 
Incongruent vs. neutral Neg pos versus neut pos Pos Neg versus neut neg 
 
 
In a second analysis the differences of BOLD-signal changes between both groups (pa-
tients, controls for each condition were analyzed (second level t-test, puncorr. < 0.001, 
minimum cluster size (k) = 10 voxels) and before (t1) and after (t2) ECT were analyzed 
in a paired t-test (second level t-test, puncorr. < 0.001, minimum cluster size (k) = 10 vox-
els).  
 
Activation intensities 
In order to investigate activation intensities, an a priori regional directed search strategy 
was employed. Previous fMRI studies of emotional facial affect in depressed subjects 
indicated that following brain regions have been found activated on a more or less consis-
tent basis: bilateral anterior (Fu et al. 2004; Gotlib et al. 2005) and posterior cingulate (Fu 
et al. 2004), medial dorsal thalamus and precuneus (Fu et al. 2004; Kumari et al. 2003), 
bilateral amygdala (Canli et al. 2004; Sheline et al. 2001) and bilateral fusiform and para-
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hippocampal gyri (Sheline et al. 2001; Surguladze et al. 2005). Our analysis of activation 
intensities was carried out within these brain regions.  
To assess activation intensities, the following procedure was used. First, activation 
maxima of the selected activated areas were determined. Next, region of interest (ROIs) 
were determined for each subject, by defining a sphere with a radius of 4 mm around 
these activation maxima. For an approximate anatomic localization, activated areas were 
superimposed onto anatomical images. For each subject, the BOLD-signal intensity (de-
fined by the corresponding weighted ß-values) within each sphere was measured for the 
regions of interest. Differences in mean percentage of signal change in activated areas 
were assessed with analysis of variance and t-tests corrected for multiple testing, depend-
ing on the normal distribution of the values of the activation intensities. 
 
Statistical analysis 
 
Dependent variables for the behavioural analysis were mean reaction time and response 
accuracy. Because of technical difficulties, reaction times of one patient before ECT were 
excluded from further analysis. The mean reaction times were normally distributed.  
For fMRI data analysis, in the random-effect analysis on the BOLD signal intensities in 
the relevant contrasts was performed for patients and controls in the first experiment (t1) 
and second experiment (t2). Measurements for controls at t2 and patients before ECT at 
t1 did not yield significant activations at a puncorrected < 0.05. Dependent variables for fur-
ther fMRI data analysis were the mean cerebral activation intensities in the regions of 
interest: bilateral thalamus, precuneus (BA31), fusiform gyrus (BA 37), amygdala, poste-
rior cingulate (BA 30) and anterior cingulate cortex (BA 24).   
Mean cerebral activation intensities, mean reaction times and error rates were analyzed in 
2 × 3 × 2 × 2 ANOVAs with the within-subject factors Valence (sad, happy faces) and 
Congruence (sad, happy, neutral prime), Time (t1, t2) and the between-subject factor 
Group (healthy subjects vs. patients). Bonferroni-corrected t-tests were used for compari-
sons between the levels of one factor. 
Correlations of activation intensities with reaction times were performed with Pearsons’ 
coefficient. Data were considered to be significant at a level of p < 0.05. All statistical 
analyses were performed with the Statistical Package for Social Science (SPSS) V 13.0 
(SPSS Inc, Chicago, IL).  
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5.4 Results 
Behavioral data 
 
Mean reaction times 
 
The ANOVA on mean reaction times, with the factors Time, Group, Valence (happy vs. 
sad) and Congruence (congruent, incongruent and neutral prime) showed a significant 
Group effect (F (1,37)= 5.37, p = .026), with significantly faster mean reaction times for 
healthy subjects (986 ms) than for patients (1260 ms). There was no main effect of Time, 
so both groups did not differ with respect to the first and second measurement. 
However, there was a significant Valence effect (F (2,38)= 176.6, p < 0.0001). Both 
healthy participants and patients identified happy faces (799 ms) significant faster than 
sad (1277 ms) and neutral faces (1294 ms). The small differences in RT between congru-
ent and incongruent conditions observed for both groups were not significant.  
 
Error rates 
 
ANOVA on error rates, with the factors Time, Group, Valence (happy vs. sad) and Con-
gruence (congruent, incongruent, neutral prime) showed only a significant Valence effect 
(F (1,37)= 82.27, p < 0.0001) and a Congruence effect (F (2,36)= 3.43, p < 0.043). Both 
healthy participants and patients recognized happy faces (error rate 4 %) significantly 
more accurately than sad (error rate 29 %) and neutral faces (error rate 18 %). There was 
no significant difference in error rates between patients (19 %) and controls (15.5 %) and 
no main effect of Time, so that both groups did not differ with respect to the first (19 %) 
and second measurement (15 %). 
The error rates were in the conditions with a congruent prime (15.4 %) significantly 
smaller than in the conditions with an incongruent prime (17.1 %) and the conditions with 
a neutral prime (17.8 %). 
By comparisons of congruent with the incongruent condition, there was a significant dif-
ference in the error rates of healthy subjects between happy word-happy face and neutral 
word-happy face in the second experiment (2.5% vs. 6%, t (19) = 2.33, p = .031). Re-
garding of the patients´ error rates there was a significant difference in the first measure-
ment (t1) between happy word-happy face and sad word-happy face (3.8% vs. 9.5%, t 
(18) = 2.73, p = .014) and happy word-happy face and neutral word-happy face (3.8% vs. 
8.4%, t (18) = 2.4, p = .027). 
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Memory of faces 
 
In the second experiment the patients could remember only 50.8% ± 23.2% of the faces, 
which had been presented at the first measurement. Controls could accurately remember 
the faces of the first presentation in 82.7% ± 11.7% of all cases. Patients perfomed signif-
icantly worse (p < 0.0001) in remembering the facial stimuli (on average 6 to 7 faces) 
than controls (on average 10 of 13 faces).  
 
fMRI data 
 
Table 3 presents the contrasts analysed in order to determine congruency effects for deci-
sions on happy and sad faces. We compared the congruent condition (happy word/happy 
face, sad word/sad face) both with the incongruent condition (sad word/happy face, 
happy word/sad face) and with the neutral condition (neutral word/ happy face, neutral 
word/sad face). 
 In the random-effect analysis controls showed significant BOLD response increase (un-
corr. p < 0.01, threshold 10 voxels) for neutral primes relative to sad and happy primes in 
the first experiment (t1). Measurements for controls at t2 did not yielded significant acti-
vations at a puncorrected < 0.05. While patients showed no significant BOLD signal response 
before ECT (t1), they activated significantly but at a lower threshold than controls after 
ECT (uncorr. p < 0.05, threshold 10 voxels) for sad primes relative to happy and neutral 
primes. While the controls showed a strong activation of the regions of interest: medial 
dorsal thalamus, cingulate gyrus (BA 23/ 30/ 31), precuneus (BA 31) and lingual gyrus 
(BA 19), patients revealed significant activation in the cingulate gyrus, precuneus and 
lingual gyrus (see table 4). 
 
Table 4: Significant contrasts in the random effect analysis and main regions of activation: 
Healthy controls presented only significant BOLD signals (uncorr. p < 0.01, threshold 10 vox-
els) in the first experiment before ECT (t1), but not after ECT (t2). Depressed patients had no 
activation before ECT, but there was significant activation at a lower threshold (uncorr. p < 0.05, 
threshold 10 voxels) after ECT- (t2); pos = positive, neg = negative, neut = neutral.  
Healthy participants t1 
 
Patients t2 
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significant 
contrast 
Region, Brodmann’s Area 
L= left, R=right 
Talairach 
Coordinates 
(mm)  
x y z 
significant 
contrast 
Region, Brodmann’s Area 
L= left, R=right 
Talairach 
Coordi-
nates (mm) 
x y z 
Neut pos > 
pos pos 
(p = 0.004)  
R, cingulate gyrus, BA 31 
L, medial dorsal thalamus 
 
22   -38   40 
-8   -24   10 
pos pos > 
neut pos 
(p = 
0.049)  
R, lingual gyrus, BA 19 
L, cuneus, BA 18, precu-
neus, and posterior cingulate 
BA31 
12  -52  -4 
-14  -70  16
Pos pos > 
neg pos 
(p = 0.018) 
Left, precuneus/cingulate 
gyrus, BA 31 
Left, posterior cingulate, BA 
30/23 
-10  -48  34 
 
-4  -66  10 
   
Neut pos > 
neg pos 
(p = 0.002) 
Left, thalamus 
Left, cingulate gyrus, BA 31 
Right, cingulate gyrus, BA 
31 
-6  -22  6 
-20  -42  -28
22  -38  34 
   
Pos neg >  
neg neg 
(p = 0.01) 
R, cingulate gyrus, BA 31 
L, medial dorsal thalamus 
R, precuneus BA31 
10  -46  36 
-6  -24  10 
12  -62  26 
Neg neg > 
pos neg 
(p = 0.01)
R, lingual gyrus, BA 18 
R, posterior cingulate, BA 
29/30 
 
4  -64  0 
4  -52  10 
Neut neg > 
neg neg 
(p = 0.01) 
L, lingual gyrus, BA 19 
L, posterior cingulate, BA 
30 / 23 
L, medial dorsal thalamus 
 
-8   -62   -6 
-4  -66  10 
-6   -22   10 
 
Neg neg > 
neut neg 
(p = 0.03)
R, lingual gyrus, BA 18/19 
R, posterior cingulate, BA 
29/30 
6  -64  -2 
6  -52  8 
Neut neg > 
pos neg 
(p = 0.006) 
Left, medial dorsal thalamus 
Left, lingual gyrus, BA 19 
-6  -24  10 
-8  -64  -4 
   
Neut neut > 
neg neut 
(p = 0.006) 
Neut neut > 
pos neut  
(p = 0.004) 
R, precuneus, BA 31 
L, cingulated gyrus, BA 31 
 
L, cingulated gyrus, BA 31 
L, thalamus 
R, precuneus, BA 31 
 
12  -58  26 
-20  -46  28 
 
-20 -46  30 
-6  -24  10 
10  -60  24 
Neg neut 
> neut 
neut 
(p = 0.02)
R, culmen 
R, parahippocampal gyrus, 
BA 36 
R, lingual, fusiform gyrus 
BA 19  
4  -64  -2 
22  -42  -12
22  -52  -16
Pos neut> 
Neg neut 
(p = 0.006)  
R,  precuneus BA 31 
L, culmen 
L, precuneus, BA 7 
14  -60  28 
-8  -62  -8 
-18  -46  46 
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The second analysis of the differences of BOLD-signal changes between both groups 
(patients, controls for each condition) before (t1) and after (t2) ECT had following re-
sults: In contrast to controls, who showed strongest neuronal response to neutral stimuli 
and the least neuronal response to sad stimuli, patients before and after ECT exhibited 
strongest neuronal response to sad stimuli and the least response to neutral stimuli (tab.5).  
 
Table 5: Significant differences between activation of patients and controls in the first experi-
ment t1 (prior to ECT) and in the second experiment t2 (after ECT). Prior to ECT (t1) there are 
more differences in the activation between patients and controls than after ECT (t2). 
Patients vs controls 
type of difference 
time Significant contrasts 
p < 0.05  
significant activated brain areas Talairach 
Coordinates 
(mm)  
x y z  
Controls > patients t1 Pos pos > neg pos (p = 0.015) L, posterior cingulate, BA 23/29 
L, medial dorsal thalamus 
R, posterior cingulate, BA 23 
L, posterior cingulate, BA 29/30 
-2  -42  20 
-6  -22  8 
6  -40  20 
-2  -52  12 
Controls > patients t1 Neut pos > pos pos (p = 0.025) L, culmen -20  -42  -28 
Controls > patients t1 Neut neg > neg neg (p = 0.034) L, medial dorsal thalamus 
L, posterior cingulate, BA23/29 
-6  -22  10 
-2  -42  20 
Patients > controls t1 Neg pos > pos pos (p = 0.039) L, medial dorsal thalamus 
L, posterior cingulate, BA 23/29 
R, paracentral lobule, BA 6 
R, posterior cingulate, BA 23 
-6  -22  10 
-2  -42  20 
6  -32  56 
6  -40  20 
Patients > controls t1 Pos pos > neut pos (p = 0.03) L, culmen -20  -42  -28 
Patients > controls t1 Neg neg > pos neg (p = 0.025) L, posterior cingulate, BA 23/29 -2  -42  20 
Patients > controls t1 Neg neg > neut neg (p = 0.049) L, medial dorsal thalamus -6  -22 10 
controls > patients t2 Pos pos > neg pos (p = 0.034) R, fusiform gyrus, BA 19/37 
L, posterior cingulate, BA 23 
L, lingual gyrus, BA 18/19 
L,R posterior cingulate 
22  -54  -16 
-2  -36  20 
-6  -64  2 
0  -58  4 
patients > controls t2 Neg neg > neut neg (p = 0.049) R, fusiform gyrus, BA 19 20  -64  -16 
 
The difference between the activation by the healthy subjects in the first and second ex-
periment was not significant. Patients activated significantly more after ECT compared to 
prior ECT the bilateral posterior cingulate (BA 23/29/30), parahippocampal gyrus (BA 
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19/30) and the left lingual gyrus (BA 18/19) and left precuneus (BA 31) (uncorr. p < 
0.05).  
The difference in the activation pattern between patients and controls were larger before 
ECT than after. Whereas patients after the course of ECT (t2) showed significant activa-
tion essentially in parahippocampal gyrus, precuneus, and posterior cingulate by the 
evaluation of sad primes compared to happy and neutral ones, controls significantly acti-
vated more at t1 the thalamus, precuneus and posterior cingulate by the evaluation of neu-
tral stimuli compared to happy and sad stimuli.  
 
Analysis of activation intensities: main effects and interactions 
 
Table 4: Analysis of activation intensities: ANOVAs with between-group factor (patients 
vs. controls) and within-group factors: Valence (sad vs. happy face) and Congruence 
(happy, sad, neutral prime word), left/right hemisphere and Time (t1, t2) were conducted 
on the activation intensities for the ROIs. ** p < 0.01. 
 Brain Areas 
 
medial dorsal 
thalamus posterior cingulate 
(BA 30) 
amygdala 
     precuneus / 
 (BA 31) Significant effects 
Time * congruence 
* groups 
F(2, 36) = 4. 95, 
p = 0.01 
F(2, 38) = 3.01, 
p = 0.055 
 
F(2,31) = 3.75, 
p = 0.012 
 valence* left/right 
hem. *group 
   
F(2,31) = 3.75, 
p = 0.008** 
Time * valence* 
left/right hem. 
*group 
  
F(2,29) = 6.55, 
p = 0.016 
 
Time * congruence 
* left/right hem. 
*group 
  
F(2, 29) = 6.78, 
p = 0.014 
 
Time * left/right 
hem. * group 
  
F(2, 29) = 9.82, 
p = 0.004** 
 
 
Happy and sad faces 
ANOVAs with between-group factor Group (patients vs. controls with within-group fac-
tors Time (time 1 vs. time 2) Valence (happy and sad face) and Congruence (happy, sad, 
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neutral prime word), left/right hemisphere, group (patients vs. controls) were conducted 
on the activation intensities of the medial dorsal thalamus, posterior cingulate, amygdala 
and parahippocampal / fusiform gyrus (BA36/37) and precuneus (BA31) and anterior 
cingulate (BA 24). The main effects and interactions are presented in Table 4. ANOVAs 
on the activation intensities of fusiform gyrus (BA 36/37) and anterior cingulate had no 
significant effects. 
The medial dorsal thalamus and the precuneus (BA 31) revealed a discriminative activa-
tion due to the Interaction between Time, Group and Congruence (happy, sad or neutral 
word) (all p < 0.012), the posterior cingulate (BA 30) showed a trend (p = 0.055) (table 4, 
fig. 2).  
 
Figure 2: Mean BOLD activation before (t1) and after ECT (t2) in the medial dorsal tha-
lamus patients and controls. Error bars represent one standard deviation of the mean. 
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Only for controls in the first measurement (t1), happy and sad primes preceding happy or 
sad faces were accompanied by a significant BOLD signal decrease relative to neutral 
primes in the bilateral medial dorsal thalamus, amygdala and posterior cingulate (BA 30) 
(all p < 0.04) in the first experiment. In the second experiment only in the posterior cin-
gulate (BA 30) sad primes were associated with a decreased BOLD signal activity (p = 
0.046) when compared to neutral primes. Thus, for healthy subjects happy and sad primes 
relative to the neutral primes in the control trial were associated with a significant BOLD 
signal decrease. (two-tailed tests for paired comparisons, Bonferroni-corrected for mul-
tiple testing). 
Only for controls, there was a lateralization effect in the ANOVAs on the activation in-
tensities of the amygdala and the fusiform gyrus (see table 4). The left amygdala showed 
a significant increased cerebral activation relative to the right amygdala by the healthy 
participants in the first fMRI examination (p = 0.015) and second fMRI examination (p = 
0.045). The left fusiform gyrus activated significantly larger relative to the right fusiform 
gyrus by the healthy participants at the second fMRI examination for sad faces relative to 
happy (p = 0.022).  
 
Neutral faces 
To verify and corroborate these overall interference effects due to negative compared to 
positive primes, cerebral activation intensities were compared when sad, happy and neu-
tral primes preceded neutral faces.  
For controls, compared to neutral primes, happy primes were accompanied by a signifi-
cant decreased activation of the bilateral medial dorsal thalamus, amygdala, fusiform 
gyrus (BA 37) and anterior cingulum (BA 24) (all p < 0.045). As observed with sad and 
happy faces, happy primes led also to a significant decrease of BOLD signal in the bilat-
eral precuneus (BA 31), posterior cingulated cortex (BA 30) and medial dorsal thalamus 
relative to sad primes (all p < 0.031). Negative primes led to a significant decrease of 
BOLD signal in amygdala, relative to neutral primes. Together with the data for happy 
and sad faces, these results clearly show that the valence of the prime produced signifi-
cant differences in the cerebral activation of healthy people. Neutral primes led to more 
interference when compared to happy and negative primes.  It seemed that perception of 
sad primes produced more interference than happy primes even for neutral faces. 
For patients after ECT therapy, positive primes preceding neutral faces were associated 
with a significant BOLD signal decrease compared to sad primes in the bilateral fusiform 
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gyrus, and in the bilateral posterior cingulated (BA 30) (all p = 0.033) after ECT (t2). 
Finally, the sad primes were associated with an increased BOLD signal activation in the 
bilateral medial dorsal thalamus (T (19) = 4.53, p =0.031) compared to neutral primes. 
These results show that the valence of the prime in the condition with neutral faces as 
targets produced significant differences in the cerebral activation of the patients after 
ECT.   
 
Correlations between clinical parameters, mean reaction times and fMRI data 
 
The error rate of the patients before ECT significantly positively correlated with the age 
of the first episode (r = 0.6, p = 0.005) and negatively with the recognition of the faces 
after ECT (r = - 0.48, p = 0.039). The age of the first depressive episode was also signifi-
cantly positively correlated with stimulation height of the first ECT treatment (r = 0.48, p 
= 0.03). The mean reaction times of the patients in the second experiment after ECT were 
significantly negatively correlated with the cerebral activation intensity of the bilateral 
ACC (BA 24) (r = -0.61, p = 0.004) and with the cerebral activation intensity of the bilat-
eral amygdala (r = -0.46, p = 0.043). It seems that less cerebral activation intensity of 
ACC and amygdala in patients lead to faster mean reaction times by the recognition of 
the facial affect.  
 
5.5 Discussion 
We employed a cross-modal emotional priming task, with spoken affective words fol-
lowed by sad, happy and neutral facial stimuli, to assess effects of valence and emotional 
conflict, in terms of congruence between primes and targets, on reaction times and brain 
activation by depressed patients before and after ECT therapy compared to controls.  
The difference in the BOLD signal response between the patients and controls remained 
after ECT. For patients, sad primes were associated with a significant increase relative to 
happy and neutral primes. In contrast to this activation pattern of the patients, for controls 
neutral primes induced an incerased BOLD signal activity when compared to happy and 
sad. Even after ECT patients still did not revealed a significant activation of thalamic 
structures as observed for the controls. In line with our first prediction, patients revealed 
longer mean reaction times not only before but also after ECT therapy. The behavioural 
data revealed a strong emotional valence effect, therefore patients before and after ECT 
as well as controls recognized happy faces significantly faster and more accurately than 
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sad and neutral faces (for example see Fig. 2). There was no significant difference in the 
mean reaction times between first and second experiment for both patients and controls. 
But there was a significant improvement by the recognition of neutral facial affect from 
the first to the second experiment for both patients and controls, which can be interpreted 
as learning effect. No significant differences in the mean reaction times could be ob-
served depending on the congruency of prime and target, but the error rates increased 
significantly for controls by neutral primes compared to congruent happy primes in the 
happy face condition, while the error rates of the patients before ECT increased signifi-
cantly by neutral and sad primes compared to congruent happy primes in the happy face 
condition. This can be interpreted as a liability of patients to more errors, when sad 
primes preceded happy faces, which may correspond to negative cognitive bias of se-
verely depressed patients.  
 
Stronger cerebral activation after ECT 
 
In line with our second hypothesis and according with the several findings of the negative 
cognitive bias of depressed patients (Beauregard et al. 2006; Fu et al. 2004; Gotlib et al. 
2004), processing of sad stimuli was correlated with most cerebral activation intensity by 
patients before ECT, while controls revealed most activation intensity by the recognition 
of neutral faces and least activation by the recognition of sad faces. This response pattern 
of patients changed only partially after ECT according to our expectations (third hypothe-
sis), what can be seen as remaining abnormality after ECT, which can indicate the possi-
bility of a relapse. The cerebral activation patterns showed by the healthy participants in 
the first experiment, meaning the selective cerebral activation depending on the emo-
tional valence and congruence of prime and target are presented by the depressed patients 
only after ECT. This may indicate that only after ECT patients were able to react ade-
quately to the task of our priming paradigm. In contrast to controls, who activated the 
bilateral medial dorsal thalamus, the precuneus, the anterior cingulate (BA 24) and 
amygdala, only the bilateral posterior cingulate (BA 30) and the bilateral parahippocam-
pal / fusiform area (BA 37), depressive patients responded only after ECT to differences 
in the emotional valence and congruence of the stimuli. This shows the still limited abil-
ity of depressed patients after ECT to react sensitively to complex multimodal emotional, 
stimuli. Moreover, with reference to the congruence of the prime and target in our para-
digm, patients after ECT only reacted to the incongruency between prime and target in 
the conditions with a neutral face as target, meaning that sad primes lead to increased 
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activation intensity in the bilateral posterior cingulate (BA 30) and the bilateral parahip-
pocampal / fusiform area (BA 37) compared to happy stimuli. Here is one more evidence 
for the susceptibility of patients also after ECT for interference through sad primes as 
found in other studies and (Goeleven et al. 2006; Koschack et al. 2003) and as theoretical 
postulated (Beck 1967; Teasdale 1983). Controls showed different cerebral activation 
patterns according to the congruence of the stimuli in all conditions (happy, sad, and neu-
tral face as target). The non significant, low cerebral activation intensity of the controls in 
the second experiment was maybe caused by familiarisation with the paradigm task con-
stitution. This familiarisation effect with the paradigm is not given by the patients as we 
can see in the increased fMRI activation of the left lingual gyrus (BA 18/BA 19), the left 
and right parahippocampal gyrus (BA 19 / BA 30), the left precuneus (BA 7 /BA 31), and 
the left and right posterior cingulate (BA 30) after successfully treatment of depression. 
The reduced memory performance of the patients after ECT compared to controls for the 
faces seen before ECT can be seen as a possible explanation for the absent familiarisation 
effect.  
Our results corroborated findings of previous unimodal studies, in that the affect evalua-
tion and categorization task is associated with the activation of thalamus, amygdala (Le-
Doux 1996; Phillips et al. 2003), the parahippocampal and fusiform gyrus (Davidson et 
al. 2003), hippocampus, the parahippocampal, the anterior cingulate and left posterior 
cingulate (Kumari et al. 2003; Mayberg et al. 1997) in acutely depressed patients com-
pared with healthy volunteers. When consecutive emotional stimuli in two modalities are 
presented as in our paradigm, thalamus which serves as gatekeeper in early cross-modal 
interactions (Baier et al. 2006; Vohn et al. 2007) was increased activated as region related 
to challenging divided attentional processes. Alterations of the thalamus have repeatedly 
been discussed to be involved in the pathophysiology of depression (Drevets et al. 1992; 
Seminowicz et al. 2004).  
The significant correlation of the mean reaction times after and the mean activation inten-
sity of the anterior cingulate (BA 24) by the patients pointed to the importance of the 
ACC for the fast reaction to emotional stimuli. The significant correlation between the 
mean error rate and the age of the first depressive episode indicated the great influence of 
the duration of depression on the performance of emotional perception.  
Still, these data suggest that depressed patients after ECT seems to be accompanied by a 
dysfunction of several cortical regions. Further work in larger groups is needed to con-
firm these results and to determine further factors, which may have an influence on nor-
mal emotional priming effects in depressed patients which may probe as a state marker 
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for different steps in the recovery process from a major depressive disorder. In particular 
it seems to be important to initiate further longitudinal studies that deal with cerebral al-
terations during ECT. 
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6 Findings of positive changes of cognitive impairments after ECT 
treatment 
The first study (Hihn et al., 2006) revealed that prefrontal cortex related memory 
processes, especially immediate memory encoding, improved after ECT, while long term 
recall remained impaired. This indicates that severely depressed patients remain cogni-
tively inferior to normal subjects despite clinically successful treatment. 
The second study (Christ et al., 2008) could show that depression is accompanied by 
functional alterations in auditory networks. It is interesting to note that depressed patients 
pre ECT exhibited different and more activations to neutral sine tones than healthy con-
trols  and in particular of secondary areas of the visual processing related network: left 
BA 7 (precuneus), right and left BA 17 (cuneus), left BA 17 (lingualis), and right BA 18 
(lingualis). The fMRI data indicated that generally reduced brain activation seems to oc-
cur during an ECT course. At the end of the ECT course response in various brain areas 
to the tonal paradigm increased again. But no significant differences could be observed in 
comparison of the signal intensities measured in depressed patients prior to and post 
ECT. Post ECT, signal intensities were significantly higher in comparison to healthy con-
trols in the left cuneus (BA 17) and the right BA 22 of the auditory cortex. 
The third and fourth studies with a crossmodal priming paradigm showed that patients 
prior to ECT revealed a decreased cerebral activation in the limbic system and the medial 
dorsal thalamus as neural response to the affective priming task. Further they showed 
slower mean reaction latencies before and after ECT. There was a significant Target Va-
lence effect in the mean reaction times before and after ECT, i. e. patients identified hap-
py faces significantly faster than sad and neutral faces such as controls. There was no 
significant Prime Valence effect, although healthy participants reacted significantly faster 
when the facial affect was preceded by happy compared to neutral primes, in the first 
experiment and second experiment. 
The analysis of error rates showed all along a significant Target Valence effect, i. e. that 
patients recognized happy faces more accurately than sad and neutral faces like controls. 
The error rates revealed no group or time effect. The analysis of error rates in the condi-
tions with happy and sad faces had the following results: there was a significant differ-
ence in the error rates of healthy subjects between happy word-happy face and neutral 
word-happy face in the second experiment (t2) and a significant difference in the error 
rates of patients (t1) between happy word-happy face and sad word-happy face respective 
happy word-happy face and neutral word-happy face. So that patients before ECT as well 
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as controls in the second measurement made significantly less errors in the congruent 
happy-happy condition relative to the conditions with sad and neutral primes. 
After successfully completed ECT treatment, symptomatic improvement was associated 
with increased neuronal response in the anterior and posterior cingulate cortex, amygdala, 
precuneus, fusiform gyrus, but not medial dorsal thalamus. The improvement of the 
BOLD signal response at the end of the ECT course may be a partial normalization of the 
activation capacity in depressed subjects. The intensity of the increased neuronal re-
sponse of patients after ECT remained at a significant lower threshold relative to the 
BOLD signal response of controls. In contrast to controls, who showed the strongest neu-
ronal response to neutral stimuli and the least neuronal response to sad stimuli, patients 
before and after ECT exhibited strongest neuronal response to sad stimuli and the least 
response to neutral stimuli. Patients prior to ECT therapy also showed deviant emotional 
priming, i. e. enhanced cerebral activation by sad compared to happy and neutral primes, 
while controls showed strongest cerebral activation by processing of neutral primes. This 
different BOLD response to our affective priming paradigm continued to exist after ECT 
treatment. 
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7 Discussion 
Changes in the cerebral response during and after ECT   
Severely depressed patients showed different and more cerebral activations to neutral sine 
tones before and after ECT. In our second fMRI study, the first that describes functional 
alteration during ECT, depressed patients presented (second level SPM analysis) reduced 
activation of the cortex during ECT course. After successful antidepressant treatment 
(post ECT) activation increased again in some areas but usually not exceeding pre ECT 
levels. Obviously, this alteration in the function of the auditory networks of patients was 
present even after successful ECT. This result is in line with a MEG study in depressed 
patients by Tollkötter et al. (Tollkötter, 2006) who reported that the brains’ answer to 
tonal stimuli seems to be less affected by depressive mood and probably more related to 
attention deficits in patients.  
The cerebral activation patterns shown by the healthy participants in the fourth study, 
meaning the selective cerebral activation depending on the emotional valence and con-
gruence of prime and target, are presented by the depressed patients only after ECT. This 
may indicate that only after ECT patients were able to react adequately to the task of our 
priming paradigm. In contrast to controls, who strongly activated the bilateral medial 
dorsal thalamus, the precuneus, the anterior cingulate (BA 24) and amygdala, only the 
bilateral posterior cingulate (BA 30) and the bilateral parahippocampal/fusiform area (BA 
37) as cortical response to our affective auditory-visual priming paradigm, the depres-
sives showed a significant cortical response at a lower threshold relative to controls only 
after ECT. Symptomatic improvement after ECT was associated with increased neuronal 
response in the anterior and posterior cingulated cortex, amygdala, precuneus, fusiform 
gyrus, but not ìn the medial dorsal thalamus. This improvement may be a partial normali-
zation of the activation capacity in depressed subjects. Patients prior to ECT therapy also 
showed deviant emotional priming, i. e. enhanced cerebral activation by sad compared to 
happy and neutral primes. Moreover, with reference to the congruence of the prime and 
target in our paradigm, patients after ECT only reacted to the incongruency between 
prime and target in the conditions with a neutral face as target, meaning that sad primes 
lead to increased activation intensity in the bilateral posterior cingulate (BA 30) and the 
bilateral parahippocampal/fusiform area (BA 37) compared to happy stimuli. This is one 
more evidence of the susceptibility of patients also after ECT for interference through sad 
primes as found in other studies and (Goeleven et al. 2006; Koschack et al. 2003) and as 
theoretically postulated (Beck 1967; Teasdale 1983). In contrast to this, controls showed 
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different cerebral activation patterns according to the congruence of the stimuli in all 
conditions (happy, sad, and neutral face as target). 
The difference in the intensity of the BOLD signal activation and the different cerebral 
response between patients and controls continued to exist also after ECT treatment. This 
altered cerebral response to our priming paradigm may point out a residual symptomatic 
of severely depressed patients even after ECT. The increased cerebral activation of pa-
tients relative to controls for negative primes and targets indicated a negative bias exist-
ing also after ECT treatment. It is possible that patients related negative events like nega-
tive adjectives as well as facial affect to their current thought associations, so that nega-
tive events were processed more elaborately. The significant correlation between the 
mean reaction times of patients after ECT and the mean cerebral activation of the ACC 
pointed the importance of a normalization of the activation of the anterior cingulated cor-
tex for faster reactions of depressives. In summary, the ability of depressed patients after 
ECT to react sensitively to complex multimodal emotional stimuli is improved, but still 
limited.  
The clinical improvement and better cognitive performance founding in our studies were 
associated with the persistent altered cerebral response of depressives to neutral sine 
tones as well as to a complex evaluation task of auditory and visual affective stimuli even 
after ECT. But several neuroimaging studies investigating neuronal activity of severely 
depressive patients after antidepressant drug treatment also showed that there was only a 
partial improvement of the altered cerebral functioning after therapy (venlafaxine: David-
son et al., 2003; paroxetine: Brody et al., 2001; sertraline: Sheline et al., 2001; fluoxetine: 
Fu, 2004). In order to interpret and explain our findings, studies to the topics ECT, prim-
ing, and cross-modal design will be discussed in the following. 
 
Cognitive improvement after ECT 
Although temporary confusion and amnesia are expected immediately after ECT treat-
ment (Calev et al., 1989; 1991; Lerer et al., 1995), our results support the hypothesis that 
ECT’s remarkable therapeutic effectiveness is associated with long-term improvement in 
memory and auditory tone perception as well as cognitive and affective functions (re-
sponse to cross-modal affective priming task). Furthermore, our studies firstly showed 
that neuronal response to facial affect and probably the neuronal correlate of sensory per-
ception and emotional evaluation were significantly improved after successful ECT.  
Although ECT has been controversially associated with long-lasting memory problems 
(MacQueen, 2007), a review on non-memory cognition after ECT (Calev et al., 1995) 
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revealed a better performance in cognitive functions at one week to seven months after 
ECT than before ECT. This improvement was in line with our results and probably re-
lated to the alleviations of both the effects of depression and ECT. In accordance with our 
results is a study (Stoudemire et al. 1991) with elderly medical-psychiatric patients meet-
ing diagnostic criteria for major depression. Some of them had normal cognitive function-
ing and some of them were cognitively impaired before treatment. The patients were psy-
chometrically tested and then treated in a non-random manner with either tricyclic anti-
depressants or ECT (followed by tricyclic maintenance therapy). Follow-up psychometric 
testing was repeated in six months. Among the patients with normal pretreatment cogni-
tive functioning, cognition was generally stable. Among the patients with pretreatment 
cognitive impairment, a substantial number – including those receiving ECT- demon-
strated improvement in cognition. These results could be replicated in another study of 
Stoudemire et al. (1993) with a group of fifty-five patients observed and psychometrically 
retested in the course of four years. Except for patients who developed dementia, cogni-
tive functioning remained stable or improved for the majority of patients. Bulbena and 
Berrios (1993) showed the same in a controlled study with 50 subjects. Furthermore, they 
showed that age and age of onset, but not pre-morbid intelligence or history of ECT, 
seemed to modulate the severity of cognitive impairment. Taylor and Abrams (1985) 
compared the cognitive effects of unilateral and bilateral ECT and could not find signifi-
cant differences. They administered an extensive battery of primarily non-memory 
neuropsychological tasks to 37 patients with endogenous depression, randomly assigned 
to either bilateral or unilateral electroconvulsive therapy. The two groups did not signifi-
cantly differ in cognitive impairment, neither before nor after treatment. Taylor and 
Abrams concluded that neither bilateral nor unilateral ECT substantially worsens non-
memory cognitive performance in depressed patients, yet both result in significant clini-
cal improvement. 
 
Priming versus affective valence effect 
We did not find an effect of prime in the mean reaction times but in error rates and 
BOLD signal response. A prime effect for patients and controls consisted in significantly 
diminished error rates in conditions with congruent happy primes relative to sad and neu-
tral primes for happy targets. While the effect of prime in error rates did not differ be-
tween patients and controls, the effect of prime in the fMRI data differed significantly 
between patients and controls before and after ECT. For patients after ECT therapy, posi-
tive primes preceding neutral faces were associated with a significant BOLD signal de-
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crease compared to sad primes.  This BOLD signal decrease was in the bilateral fusiform 
gyrus, and in the bilateral posterior cingulated (BA 30). The evaluation of neutral faces 
combined with neutral primes was also associated with less cerebral activation as com-
pared to neutral faces with sad primes in the bilateral medial dorsal thalamus. For pa-
tients, sad primes were associated with an increased cerebral activity compared to happy 
and neutral primes. In contrast to this prime effect in the group of patients, for controls 
processing of neutral primes was associated with significant more cerebral activation than 
processing of sad and happy primes. The results indicated that sad primes produced more 
interference than happy and neutral primes for patients before and after ECT, while neu-
tral primes produced more interference than happy and sad primes for controls.  
Theoretical background and findings from behavioral and neuroimaging studies should 
be reflected with regard to the discrepancy between the absent prime effect in the mean 
reaction times and the found prime effect in the BOLD signal response. Bunzeck et al. 
(2006) found that face-responsive regions in the fusiform cortex showed selective reduc-
tions in activation for repeated faces and that place-responsive regions in the parrahippo-
campal cortex showed decreases for repeated places. However, neural response in both 
regions was uncorrelated with behavioral response. Do the facilitation effects produced 
by happy and sad primes in our study reflect neural or conceptual priming? Functional 
neuroimaging studies that compare processing of new information with processing of old 
information consistently reported a reduction in blood flow and hence neural activity in 
the condition with old information. This deactivation has been labelled neural priming. 
Some investigators have hypothesized that neural priming is the physiological 
mechanism underlying conceptual priming – a facilitation in the semantic processing of 
repeated information. Others, however, have hypothesized that neural priming reflects 
novelty assessment – a mechanism which minimizes the probability that redundant 
information will be stored in long term memory. If the prime effect in our fMRI data 
constituted a neural respective conceptual priming, facilitation should have been larger in 
congruent than incongruent conditions independent of the valence of the stimuli. The 
opposite turned out to be true: facilitation occurred for controls not in the congruent, but 
in the condition with positive primes relative to sad and neutral primes. This indicated 
that our results represent a stimulus valence and not a priming effect. The fact, that 
controls generally showed a significant decreased neuronal response to happy stimuli 
(primes as well as targets) relative to sad and neutral stimuli, leads to the same 
conclusion. This interpretation of the results is supported by the fact that patients also 
generally showed a significant increased neuronal response to sad stimuli (primes and 
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targets) compared to happy and neutral stimuli. Thus, for both, patients and controls, a 
stimulus valence effect was visible in the first instance. 
In order to answer the question why neuronal priming failed to occurr, several research 
findings will be discussed in the following. 
 
Priming research until now has focused on stimulus specificity. For example, neural 
priming in early visual areas, such as posterior lateral occipital complex, exhibits a high 
degree of stimulus specificity for changes in viewpoint, illumination, size and position. 
Neural priming in later visual areas, such as anterior lateral occipital complex, exhibits 
smaller variance across changes in size and position relative to illumination and view-
point (Grill-Spector et al., 2006). Recent results by Vuilleumier et al. (2005) indicate a 
high degree of stimulus specificity in early visual areas, too. Overlapping shapes were 
presented, and subjects were cued to attend to one of them. Behavioral priming was sub-
sequently documented on an object decision task (classification of objects as real versus 
non-sense) for shapes presented in the same or mirror-image orientation compared with 
the original study shape. Orientation-specific neural priming was observed in early visual 
areas: in the left medial occipital and right lingual gyri regardless of attention and in the 
bilateral lateral occipital complex and lingual gyri only for attended objects. Later visual 
regions can also show stimulus-specific neural priming (Ryan et Schnyer, 2007). This 
pattern was first observed in an object-priming paradigm, where stimulus-specific neural 
priming (i. e. greater reduction in activation for repeating the same object versus different 
objects that share the same name) was observed to a greater extent in the right than in the 
left fusiform cortex (Koutstaal et al., 2001).  
In summary, priming studies till now have primarily documented neural priming in early 
and later visual regions for little changes in stimulus specificity employing a paradigm 
with repeating presentation of the same stimulus. Only few studies indicate that later per-
ceptual regions also exhibit largely nonspecific priming for visual stimuli. For example, 
Blondin et Lepage (2005) showed a decreased brain activity during visual perception of 
similar visual scenes of different complexity in perception. Orfanidou et al., 2006 showed 
neuronal response suppression in later perceptual processing regions for repetition of 
spoken words and pseudowords. A comparison between these studies and our study is 
only under limitations, because our paradigm is more complex, i. e. presentation of two 
consecutive stimuli which are completely different in perceptual properties but affective-
ly related. 
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Studies which are a little bit similar to our priming study investigated the level at which a 
face and a name information interact within the person’s cognitive system. Different 
cognitive models account for founding priming effects. The authors spoke about 
repetition priming, when priming is measured as the decrease in response time in 
recognizing target familiar faces that have been seen in a previous occasion (Bruce, 1983; 
Bruce and Valentine, 1985). They also spoke about semantic priming, when target faces 
were preceded by a closely related prime (Bruce and Valentine, 1986).  They found out 
that repetition and semantic priming qualitatively differ in their duration and domain-
specificity. Repetition priming can survive over longer intervals of time (Bruce and Va-
lentine, 1985) and is strongly domain- and item-specific (Bruce et al., 1994); e. g. a prim-
ing effect on familiar face recognition was found to be abolished by a previous presenta-
tion of the familiar person’s name or pictures of bodies (Young and Burton, 1996; Bur-
ton, Kelly and Bruce, 1998), and it is reduced when a change in facial view occurred be-
tween first and second presentations (Bruce and Valentine, 1985; Ellis et al., 1987). In 
contrast, semantic priming dissipates within a few seconds (Bruce, 1986), and does cross 
stimulus domains; e. g., recognition of a familiar person’s face is facilitated if it is imme-
diately preceded by the face or the name of a related familiar person (Schweinberger, 
1996; Young, Hellawell, and De Haan, 1988). In a study on the nature of the affective 
priming effect of Spruyt et al. (2007) the congruency proportion of prime and stimulus 
(.25, .50, and .75) and the SOA (0, 200, and 1000 ms) were manipulated. Results showed 
that at both short and long SOAs, the affective priming effect in an evaluative categoriza-
tion task was influenced by the congruency poportion. In contrast, affective priming ef-
fects in a naming task were unaffected by congruency proportion at short SOAs. This 
pattern of results provides corroborating evidence for the hypotheses (1) that different 
processes underlie the affective priming effect in the evaluative categorization task and 
the naming task and (2) that valenced stimuli can automatically preactivate the memory 
presentations of other, affectively related stimuli. Recent studies have shown that robust 
affective priming effects can be obtained when participants are required to categorize the 
targets on the basis of their valence, but not when participants are asked to categorize the 
targets on the basis of nonaffective features (Spruyt et al., 2007). They showed that affec-
tive priming of nonaffective semantic categorization responses can be obtained when 
participants assign attention to the affective stimulus dimension, and that affective prim-
ing in the standard evaluative categorization task is strongly reduced when participants 
assign attention to nonaffective stimulus features. On the basis of these findings, Spruyt 
et al. argued (a) that processes operating at an encoding stage do contribute to the affec-
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tive priming effect, and (b) that automatic affective stimulus processing is reduced when 
participants selectively attend to nonaffective stimulus features. It has been proposed that 
repetition priming depends on structural changes within the system responsible for recog-
nizing familiar stimuli – while semantic priming acts on a conceptual processing stage 
that is common to face and word recognition (Bruce and Valentine, 1986). Semantic 
priming can cross input domains since person identity node, affective valence node and 
semantic representation for example are essentially amodal in nature.  
We can assume that our priming design led to semantic priming which can cross modali-
ties. The affective valence difference between our primes and our targets that elicited to a 
different degree a strong emotion may be an explanation for the rather little priming ef-
fects in our study. It is also possible that patients and controls assigned more attention to 
nonaffective features of the spoken words, but automatically processed the affective fea-
tures of the facial affect.The difference between the processing of verbal material (spoken 
words) and the processing of visual facial affect may be another explanation for the ab-
sent priming effect. 
 
Findings from cross-modal studies 
The presentation of the initial and subsequent stimulus in two different modalities should 
not be a handicap for neural priming, therefore neural priming in the inferior frontal gyrus 
and left inferior temporal cortex seem to be independent of stimulus modality (Buckner et 
al., 2000), even when the modality differs between the first and second presentations of a 
stimulus (e. g. change from a visual to an auditory stimulus) (Badgaiyan et. al., 2001; 
Carlesimo et al., 2003). But in these few cross-modal priming experiments the visual and 
auditory presentation of the same or similar stimulus was in a close temporal correspon-
dence. This was possible because the first presentation of the stimulus was in the visual 
modality, which allowed a temporal fast processing of an object relative to the auditory 
modality. Several studies revealed that visual stimuli modulate (usually enhance) auditory 
activity (Pekkola et al., 2005; Lehmann et al., 2006). Certain visual stimuli like pictures 
of speaker’s lips are sufficient to activate primary and secondary auditory cortex by 
themselves (Calvert et al., 1997; Bernstein et al., 2002). Many of these studies relied on 
audio-visual speech or communication signals (for example auditory vowel stimuli are 
presented simultaneously with concordant or disconcordant visible articulatory move-
ments or without visual input) (Murase et al., 2008; Calvert et al., 1999; van Atteveldt et 
al., 2004). The results suggest that this class of stimuli might engage circuits that are par-
ticularly prone to cross-modal influences. 
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Other studies which investigated the cross-modal integration during the presentation of 
cues from multiple sensory modalities typically employed a simultaneous presentation of 
these cues. In the behavioural realm, multisensory stimuli have been shown to decrease 
simple reaction times (Hughes et al., 1994; Schroger and Widmann, 1998; Forster et al., 
2002), shorten the latency of eye movements (Hughes et al., 1994; Frens and Van Opstal, 
1998, Harrington and Peck, 1998), and lower the threshold for stimulus detection (Frassi-
netti et al., 2002; Lovelace et al., 2003). These improvements in performance typically 
exceed those predicted on the basis of a simple combination of the modality-specific res-
ponses, suggesting a convergence and integration of these signals in the brain (Miller, 
1982; Stein and Meredith, 1993). In the perceptual realm, a huge amount of evidence 
suggests that the nervous system tends to binding multisensory cues presented in close 
spatial and temporal proximity and to forming a coherent perceptual gestalt (Welch and 
Warren, 1986; Stein and Meredith, 1993). While the combination of weakly effective 
visual and auditory cues in close spatial and temporal correspondence typically enhances 
the activity of multisensory neurons, as well as resulting in significant gains in behavioral 
performance (Meredith and Stein, 1986, 1993; Frens et al., 1995), the separation of the 
same stimuli in space and/or time can depress neuronal responses and have detrimental 
effects on behavioral performance. Laurenti et al. (2004) could show in a study with a 
cross-modal and a visual color discrimination task (blue and red) that semantic congruent 
cross-modal stimulation improves behavioral performance relative to the presentation of 
redundant unimodal (in this case) stimulus pairs.  
 
Although a great deal of effort has been put into defining the spatial and temporal con-
straints for multisensory interactions in the neural, behavioral and perceptual realms, the 
role of other stimulus factors like meaning or affective valence in these processes remain 
less clearly defined. This is surprise because of the obvious advantages of stimulus con-
trol, most multisensory studies have employed fairly simple stimuli with little contextual 
salience (e.g. flashes of light and sound bursts).  However, in natural environment, multi-
sensory stimuli derived from the same event, in addition to sharing spatial and temporal 
concordance, share many other features that likely aid in their binding into a unitary 
event. Many of these features lie in the contextual, semantic or affective realm or person-
al reference, and are likely the product of associations that are made throughout life. Our 
study which investigated the differences in the affective and cognitive processes between 
severely depressed and healthy subjects employed affective positive, negative and neutral 
adjectives as well as sad, happy and neutral faces as stimuli in order to characterize the 
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naturalistic environment of the patients and their self reported problems in perception and 
evaluation of themselves and other people.  
 
Conclusions and future prospects 
These data suggest that depression seems to be accompanied by a dysfunction of the cor-
tical function. Impaired auditory processing of non-speech and speech stimuli as well as 
visual processing of facial affect may serve as a state marker for major depressive disord-
er. Widespread brain dysfunction may result in abnormal sensory processing, in recruit-
ing of additional brain areas connected to the auditory cortex such as the secondary visual 
network by processing of neutral sine tones (second study). It may also result in dimi-
nished function of thalamus as well as of areas of sensory network and of the limbic sys-
tem by presentation of affective words followed by affective faces (fourth study). This 
widespread brain dysfunction may contribute to the various clinical symptoms, including 
cognitive impairment and abnormal sensory experience, described by severely depressed 
patients (Bange and Bathien 1998; Pause et al. 2001; Pause et al. 2003), which is not 
completely resolved after successful ECT. 
Further work with larger experimental groups is needed in order to confirm these results 
and to determine further factors, which may have an influence on auditory, visual affec-
tive processing in severe depressive episode. In particular, it seems to be important to 
initiate further long-term that deal with cerebral alterations during ECT. 
The four studies presented in this dissertation have several limitations. In the first study, 
patients were not compared to a control group. In the second study, the patient group was 
quite small (n = 20 for the pre-treatment measurements, n = 15 during ECT and n=11 for 
the post-treatment follow-up).  An analysis of subgroups of patients (severely versus me-
dium depressed patients) is difficult because the subgroups were therefore small, too. Due 
to the limited number of patients post-hoc analysis or corrections for multiple compari-
sons were not feasible and the results were difficult to interpret.  
 In the third and fourth study, the number of subjects was also quite small (20 patients, 20 
healthy controls). Additionally, the washout period of psychotrophic medication before 
ECT treatment was short. In consequence, we cannot completely rule out medication ef-
fects on our data. In our affective priming study the limited number of stimuli (90 trials, 
10 trials pro condition) represented a major difficulty for a powerful complex analysis 
(ANOVA with several dependent variables) and meaningful results. Given the severe 
disorder of the psychiatric patients, only a small number of stimuli could be used. Due to 
the limited number of stimuli and patients an analysis considering all independent, inter-
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esting variables (emotional valence of prime and of target, modality, time, group, length 
of therapy, severity of symptomatic, several brain areas) was not really feasible and the 
results have to be considered critically. In addition, our stimulus material was limited to a 
few facial expressions of emotions (10 happy, sad, respective neutral faces) and a few 
emotional words (10 positive, negative, respective neutral adjectives). For patients and 
controls, the difficulty in distinguishing between sad and neutral faces, represent another 
problem of the priming study. The generalizability of our conclusions is restricted on the 
processing of pictures of facial affect from Ekman and Friesen (1976).  
One possibility to improve the power of the statistical analysis of this study can consist of 
a selective analysis of the four conditions with with positive and negative stimuli (happy-
happy, sad-happy, happy-sad, sad-sad). An aggregation of stimuli in the conditions with a 
happy respective sad face as target in order to assess the difference in the perception and 
evaluation of happy and sad faces (20 versus 20 stimuli) might improve the power of test-
ing.  
Few other studies before investigated the cross-modal interaction between affectively 
related first auditory and then visual stimuli with pictures of facial affect from Ekman and 
Friesen. Our priming study has an exploring character. Consequently, it is difficult to 
draw far-reaching meaningful conclusions from our results. Studies with another stimulus 
material, especially with another facial affect, are needed to confirm the founded negative 
bias in patients after ECT as well as to better evaluate the problem of distinguishing sad 
and neutral faces. In order to asses whether affective priming effects occur a study with 
more stimuli which have good selectivity is needed. Further work with affective and se-
mantic related stimuli by severely depressed patients before and after ECT might provide 
more insight in the processing of emotions and semantics by this psychiatric disorder. 
Identifying the underlying mechanism that drives the neural priming effects will provide 
insight into how brain plasticity subserves observable changes in sensory perception, 
memory, and affective-cognitive evaluation processing. 
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Appendix A: Instruction for priming task 
Sehr geehrte Damen und Herren, 
 
stellen Sie sich vor, Sie seien in einem Café, beobachten die Menschen, die 
an Ihnen vorbei gehen und versuchen zu erraten, ob diese glücklich oder 
traurig sind! 
 
In der folgenden Untersuchung werden Sie ein Wort über die Kopfhörer hö-
ren und Sie unmittelbar danach ein Gesicht auf dem Bildschirm sehen. Ver-
suchen Sie dann so schnell wie möglich, richtig zu entscheiden, ob das Ge-
sicht glücklich, traurig oder neutral ist. Wenn Sie der Meinung sind, dass das 
Gesicht glücklich ist, dann drücken Sie 1 (rechts oben), wenn Sie der Meinung 
sind, das Gesicht ist traurig, dann drücken 3 (links oben), wenn Sie der Mei-
nung sind das Gesicht ist neutral, dann drücken Sie die 2 (links unten). War-
ten Sie dann bis Sie das nächste Wort hören und das nächste Gesicht sehen, 
um wieder zu entscheiden, wie das Gesicht aussieht und den entsprechenden 
Knopf zu drücken.  
 
Zwischendurch gibt es zwei kleine Pausen, in denen Sie nur ein Kreuz auf dem 
Bildschirm sehen, danach geht es zügig mit dem nächsten Wort/Gesicht wei-
ter.  
Wir bedanken uns für ihre Teilnahme und sind gespannt, wie gut Sie Ge-
sichtsausdrücke erkennen können! 
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Appendix B: Protokoll zur Prüfung der Wiedererkennung der Gesich-
ter (t2) 
 
 
Datum: 
Name: 
Vorname: 
Geschlecht: 
Experimentelle Gruppenzugehörigkeit: 
ID: 
 
Wiedererkennung der Gesichter in der 2. Untersuchung (ca. 8 Wochen später) 
 
 
 Altes Gesicht Neues Gesicht Nicht erkanntes Ge-
sicht 
1.    
2.    
3.    
4.    
5.    
6.    
7.    
8.    
9.    
10.    
11.    
12.    
13.    
 
 
 
Richtig erkannte Gesichter: 
Richtig erkannte Gesichter in Prozent: 
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Appendix C: Händigkeitstest 
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Appendix D: mittlere Reaktionszeiten und Fehlerraten der Probanden 
und Patienten 
 Measurement 
time  
healthy patients 
error rates (%) 
(mean ± SD) 
RT 
(mean ± SD) 
error rates (%) 
(mean ± SD) 
RT 
(mean ± SD) 
Happy faces T 1 4 ± 8.7 714.1 ± 126.3 7.2 ± 19.1 871.9 ± 258.4 
Sad faces T 1 26 ± 13 1107.8 ± 287.5 34.4 ± 20.3 1320 ± 401.5. 
Neutral faces T 1 19.7 ± 17.2 1097.9 ± 206.5 23.9 ± 24.7 1386.2 ± 368.7. 
Happy faces T 2 4.5 ± 12.1 712.8 ± 126.3 0.5 ± 1.6 886.4 ± 291.5. 
Sad faces T 2 26 ± 17.4 1157.1 ± 258.4 31.5 ± 18.9 1467.6 ± 683.8 
Neutral faces T 2  12.8 ± 13.6 1128.6 ± 287 16.7 ± 16 1476.3 ± 619.5. 
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Zusammenfassung  
Defizite bei der Informationsverarbeitung bei schwer depressiven Patienten vor und nach 
Psychotherapie und medikamentöser Therapie wurden mit verschiedenen Methoden un-
tersucht, unter anderen die Wiedererkennungs-, Entscheidungsaufgaben, Planen und 
Problemlösen (z.B. Tower of London), Wahrnehmung aufeinander folgenden Reizen (z. 
B. Habituationsparadigma), Beurteilen von Gesichtsausdrücken. Im Fokus der Dissertati-
on steht die Beantwortung von zwei Fragen:  
- Welche Reaktionsmuster zeigen Gesunde bei einer komplexen kognitiv, affektiven, 
multimodalen Entscheidungsaufgabe (Hauptstudie I)?  
- Wie stark weichen depressive, medikamentös resistente Patienten vor und nach ei-
ner biologischen Elektrokonvulsionstherapie (EKT) in Reaktionszeiten, Fehlerraten 
und neurologischen Korrelaten von den Gesunden ab (Hauptstudie II)? 
Zur Beantwortung dieser Fragen wurde in der Dissertation eine für dieses Themengebiet 
neue Methode- ein crossmodales affektives Priming-Paradigma- entwickelt und einge-
setzt. Bei diesem Priming-Paradigma beeinflussten akustisch dargebotene Wörter die 
Wahrnehmung darauf folgender visueller Gesichtsausdrücke, die hinsichtlich ihrer emo-
tionalen Valenz (traurig, glücklich oder neutral) beurteilt werden sollten.  
Die Ergebnisse der ersten Hauptstudie (I) zeigten, dass glückliche Gesichter von Gesun-
den signifikant schneller und besser als glücklich identifiziert worden sind im Vergleich 
zu den traurigen Gesichtern. Auch ist die Fehlerrate der Gesunden bei der Erkennung der 
traurigen Gesichter signifikant höher als bei den neutralen Gesichtern. Die Erkennung der 
emotionalen Gesichtsausdrücke ist verbunden mit signifikanter neuronaler Aktivität im 
limbischen System (anteriores, posteriores Cingulum BA 24, BA 31, Amygdala), Precu-
neus BA 31 und im fusiformen Gyrus BA 36/37. Anders als in anderen Studien mit Beur-
teilung von affektivem Material präsentiert ausschließlich in der visuellen Modalität, ak-
tivierte bei unseren crossmodalen Paradigma der mediale dorsale Thalamus besonders 
stark. Die Aktivierung von Thalamus stimmt überein mit Ergebnissen zahlreicher, frühe-
rer Studien, die die zentrale Rolle vom Thalamus beim Verschalten verschiedener senso-
rischer Eindrücke und deren weitere Verarbeitung herausstellen. Weiterhin konnte in der 
ersten Hauptstudie spezifischer gezeigt werden, dass emotional positive und negative 
Primingworte zu einer signifikanten Minderung der neuronalen Aktivität in den relevan-
ten oben genannten Gehirnarealen führte im Vergleich zu den Kontrollbedingung mit den 
neutralen Primingworten. Also bei Gesunden führten die emotionalen Primes zu Erleich-
terung in der Verarbeitung im Vergleich zu den neutralen Primes. Weiterhin führten die 
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positiven Primingworte unabhängig von der emotionalen Qualität des zu identifizieren 
Targetbildes zu signifikant Minderung der neuronalen Aktivität im Vergleich zu den ne-
gativen.  
Die Ergebnisse der zweiten Hauptstudie (II) zeigen, dass depressive Patienten vor EKT 
kaum zerebrale Aktivierung im limbischen System, Precuneus, Fusiformen Gyrus und 
Thalamus als neuronale Antwort auf die emotionale Primingaufgabe zeigen. Zusätzlich 
weisen sie signifikant langsamere Reaktionszeiten auf als Gesunde. Nach erfolgreicher 
abgeschlossener EKT Behandlung war eine symptomatische Verbesserung mit angestie-
gener neuronaler Aktivität im anteriorem und posteriorem Cingulum sowie Amygdala, 
Precuneus und dem Fusiformen Gyrus assoziiert. Die Intensität der neuronalen Aktivität 
bei den Patienten blieb auch nach der EKT Behandlung signifikant geringer als bei den 
Gesunden in den relevanten Arealen, vor allem in dem Thalamus. Die Patienten zeigten, 
nicht nur vor, sondern auch nach der EKT Behandlung eine negative Verzerrung (negati-
ve bias) bei der Beurteilung der emotionalen Gesichtsausdrücke im Vergleich zu der 
Kontrollgruppe. Diese bestand darin, dass negative emotionale Wörter als Primes vor den 
zu beurteilenden Gesichtsausdrücken zu signifikant höherer neuronaler Aktivität relativ 
zu der Kontrollbedingung mit neutralen Primes führten, während positive Primes wie bei 
den Gesunden zu niedrigerer Aktivität führten. Somit scheinen negative Vorinformatio-
nen bei den Patienten sowohl vor wie auch nach der Behandlung zu Interferenzen und 
somit zu einer Erschwerung des Informationsverarbeitungsprozesses zu führen.  
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